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Occlusive Disease of the Coronary Arteries 


In the past sixty years many surgical attempts have 
been made to influence the effects of occlusive 
disease in the coronary arteries. Good results have 
been claimed from several different operations for 
the relief of angina pectoris, but no procedure has 
been free from sceptical criticism. 


Indirect Surgery for Coronary Occlusion 

Most of the methods have been indirect in that 
they have not involved surgery on the occluded 
vessel. One such operation is that of Vineberg 
(1946, Vineberg et a/. 1955) who conceived the 
idea of implanting the bleeding internal mammary 
artery into a healthy area of the myocardium, 
usually that of the left ventricle (Fig 1). We have 
combined this procedure with removal of the 
sympathetic chain from the stellate to the fourth 
or fifth thoracic ganglion on the left side. Sympa- 
thectomy is easily and quickly performed when 
the pleural cavity is opened, and seems to be justi- 
fied even though it complicates the future clinical 
assessment of the value of the vascular implant, 
because by itself it sometimes produces relief 
from pain. 

In the past seven years this technique has been 
used in 10 patients. The small size of this series 
spread over a Jong period of time is mainly due to 
stringent criteria which were imposed before ope- 
ration was advised. The indications were crippling 
pain unrelieved by medical treatment, inability to 
work, and electrocardiographic evidence of myo- 
cardial ischemia made worse by exercise. Contra- 
indications were cardiac failure or a grossly en- 
larged heart. A history of myocardial infarction 
On One Or more Occasions was present in all cases, 
but operation was not performed until an interval 
-of at least three months had elapsed since the last 
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Fig 1 The heart of a patient who died five months.after 
Vineberg’s operation. The internal mammary artery is 
seen on the surface of the heart before entering the left 


ventricle 


episode. Of the 10 patients, 4 were women all of 
whom were over 60 years of age. The ages of the 
men varied between 40 and 59 years. Three 
patients were hypertensive. 





Table 1 
Results of Vineberg’s operation and sympathectomy 
Arterial 
blood 
Patient Sex Age pressure Result 
NB F 60 200/125 Improved Died 3} years 
HD M 59 _~ 140/80 Improved Alive 3} years 
FP M 40 150/95 135S.Q. Died 9/12 
HD M Si 170/120 Improved Died 3} years 
oD F 62 170/90 1.S8.Q. Died 5/12 
RV M 48 130/85 Improved Alive 3} years 
GW M 50 ~=100/65 Improved Alive 3} years 
MC F 65 155/80 1.S8.Q. Died 4/12 
RC M 43 190/120 15S.Q. Alive 14 years 
DL F 61 150/90 Improved Alive 3 years 
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The results of operation relating to relief of 
pain and the time of survival are given in Table 1. 
Four patients gained little or no relief from pain. 
It is sometimes said that the patient’s symptoms 
are unreliable as a guide to the value of surgery 
for angina pectoris, but 3 of these patients who 
testified to little or no improvement were dead 
within a year of operation. The fourth patient, 
who is still alive eighteen months after surgery, 
has suffered further myocardial infarction. Six 
patients were improved sufficiently to return to 
work, but, of these, two died after three-and-a-half 
years from coronary artery disease. Only 4 
patients of this small series are alive to-day, three 
to four years after operation. Only one patient was 
completely free of pain but the others classified 
as improved were taking much smaller quantities 
of pain-relieving drugs than before the operation. 
There was no operative mortality. The total bene- 
fit to these patients has justified this particular 
surgical procedure but clearly it is inadequate. 

It was possible to examine the hearts of 2 
patients who died. A barium suspension which 
does not permeate capillaries was injected into 
the isolated subclavian artery by gentle pressure 
on the syringe. In one case the transplant was not 
patent. In the other specimen (Fig 2), from a 
patient who died five months after operation, the 





Fig 2 The same specimen as in Fig 1. Barium is injected 
into the internal mammary artery, perfuses the myo- 
cardium of the left ventricle and outlines the anterior 
descending branch of the left coronary artery and the 
root of the aorta 
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barium outlines the internal mammary artery, 
vessels in the myocardium of the left ventricle, the 
anterior descending branch of the left coronary 
and forms a pool in the root of the aorta. It is 





Fig 3 Injection into the right coronary artery (left 
anterior oblique position). The tip of the radio-opaque 
catheter is situated in the mouth of the artery. There is 
reflux of dye into the aorta and a marked stenosis of the 
artery shown by the arrow 
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Fig 4 Injection into the left coronary artery (left 
anterior oblique position). The arrows show obstructions 
present in the circumflex and anterior descending 
branches 
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remarkable that a sclerotic vessel plunged into the 
myocardium of a patient who has not been given 
heparin remains patent or becomes patent enough 
to link up with the myocardial vasculature. This 
gives one hope that a direct attack on the coro- 
nary arteries may not be attended by such a high 
incidence of post-operative thrombosis as might 
be anticipated. 


Coronary Angiography 

It is obvious that before attempting any kind of 
direct surgery, it is desirable to know the location 
and extent of the occlusion. Fortunately, recent 
advances in cine-angiography suggest that this 
information will be forthcoming. The best tech- 
nique so far described is that of Mason Sones 
(Sones & Shirey 1960). A radio-opaque catheter 
with a pliable tapered end containing side holes is 
introduced into the right brachial artery and 
manipulated into each coronary vessel in turn. An 
injection of 4 ml of 76°% Urografin is made by 
hand and cine-angiography is performed. Injec- 
tions can be repeated to allow pictures to be taken 
from different views. Figs 3 and 4 show the results 
of injection into both coronary arteries in the 
left anterior oblique position. 


Coronary Artery Surgery 
The direct approach to coronary occlusion is of 
recent origin. Murray (1953) described the re- 
section of diseased arterial segments and graft 
replacement. Bailey ef a/. (1957) reported coro- 
nary endarterectomy carried out on the beating 
heart through an opening in the distal part of the 
diseased vessel. In other cases they used a pump 
oxygenator to support the circulation during an 
approach from the aorta. Accurate surgery on 
diseased coronary vessels demands a still heart. 
The operations are time-consuming and the myo- 
cardium must be protected from anoxia and a 
circulation must be maintained throughout the 
rest of the body. The technique of inducing pro- 
found hypothermia (Drew & Anderson 1959, 
Drew 1961) should provide these conditions. Pul- 
monary and systemic circulations are maintained 
by an artificial heart and the patient is cooled by a 
heat exchanger in the extracorporeal circuit. At a 
nasopharyngeal temperature of 15°C the heart is 
in asystole. If a clamp is placed on the root of the 
aorta a much reduced circulation can be continued 
during the period of coronary artery surgery. The 
heart is protected from anoxia by its own low 
temperature. Such a technique has been successful 
in the treatment of calcific aortic stenosis where 
the condition of the myocardium is in some ways 
comparable to that associated with coronary 
artery disease. 

There are three types of direct operation: 
endarterectomy, excision of an occluded segment 
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and graft replacement, and the use of a bypass 
graft. The first named would appear at the 
moment to have the best chance of success because 
the occlusive process is not commonly confined to 
a short segment in the artery. There are many 
ways of carrying out endarterectomy. From an 
experience confined to dead specimens, the simp- 
lest is to slit the vessel in its long axis, to remove 
the atheromatous occlusion by sub-intimal dis- 
section from the main trunk and its branches, and 
then to repair the vessel. Luckily the diseased 
artery is almost always more dilated than normal, 
so that longitudinal repair does not produce sig- 
nificant narrowing. The most difficult part of the 
operation is the repair of the vessel wall, which is 
very thin. To overcome this difficulty it seems that 
we must use the techniques employed by our 
ophthalmic surgical colleagues. The use of ex- 
tremely fine needles and sutures, a catchless needle 
holder, magnifying spectacles, and a lot of prac- 
tice should make it possible to achieve an accurate 
repair without leak or stenosis. 

The last part of this paper consists of optimistic 
conjecture. Even if endarterectomy can be carried 
out with a low mortality, we cannot foretell the 
fate of the vessel after surgery and there still re- 
mains the awful responsibility of case selection. 


Acknowledgments: 1am grateful to Dr K Jefferson 
and Dr A Leatham of the Cardiological Depart- 
ment of St. George’s Hospital for permission to 
use illustrations of cine-angiography. 
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Dr David C Sabiston Jr (Baltimore) 
Coronary Endarterectomy 


Dr Sabiston showed a film demonstrating the 
technique of the direct removal of an occlusion 
from a major coronary artery in a patient with 
severe angina pectoris. A pre-operative coronary 
arteriogram had shown normal filling of the left 
coronary artery with ccmplete occlusion of the 
right coronary artery. The chest was entered and 
the heart and base of the aorta were exposed. The 
right coronary artery was dissected and on pal- 
pation was quite hard. The vessel was opened and 
an organised thrombus 5 cm in length was re- 
moved with specially designed instruments. The 
arteriotomy was closed with fine silk sutures and 
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blood flow through the right coronary artery was 
re-established. The patient experienced marked 
relief of the anginal pain in the post-operative 
period. 


Mr Gordon Cruickshank (Leicester) said that at 
the Leicester Chest Unit the Beck I operation 
had been carried out on 32 patients. Four of these 
died in the first twelve hours after operation. There 
was no other hospital mortality. A follow-up 
study of these cases had been carried out, omit- 
ting patients operated on within the last six 
months. In all, 20 cases were followed up and 
assessment by the general practitioner accepted 
as being less biased than that of the surgeon or 
cardiologist. Five patients were well, working 
full time, having no pain and taking no drugs. 
Eleven were working part time, having much less 
pain and taking less drugs. Three were unim- 
proved. One case was untraced. 

The indication for operation in every case was 
intractable angina with unsatisfactory progress on 
medical treatment. The chief aim of the Beck I 
operation was to ration the distribution of blood 
within the heart muscle. It could not replace 
muscle which had been destroyed. No patient 
should be subjected to operation within six months 
of a coronary occlusion or even of a suspected one. 
It was important not to continue with operation 
if the patient’s blood pressure fell below 100 on 
induction of anesthesia and did not rise again 
within the ensuing half-hour. It was equally im- 
portant to maintain the blood pressure after 
operation, if necessary by the use of Methedrine. 

He and his colleagues felt that this operation 
had something to offer, despite the numerous 
criticisms which had been levelled against it. 


Mr G A Mason (Newcastle upon Tyne) also con- 
tributed a paper on Cardiac Ischemia. 


II Intestinal Ischemia 


Mr A J Cokkinis (London) 

Mesenteric vascular occlusion does not always 
result in ischemia or infarction of the intestine. 
Embolic occlusion of branches of the superior 
mesenteric artery can occur without serious inter- 
ference with the blood supply of the intestine as 
also can thrombosis of the mesenteric veins. In 
this discussion, however, we are concerned only 
with mesenteric vascular occlusion associated 
with intestinal ischemia or infarction. Maingot 
states that up to 1955 some 700 cases of 


mesenteric vascular occlusion have been published. 
That I am responsible for about one-eighth of 
these (Cokkinis 1926) may be the reason why I 
have been asked to open this discussion. 
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Mesenteric vascular occlusion may be arterial 
or venous, or exceptionally both, thrombosis 
spreading from one to the other. It occurs mostly 
in patients who are already ill with a cardiac or 
vascular lesion. The presence of this causative 
lesion is of prime importance in that it should 
bring mesenteric vascular occlusion to mind when 
one is faced with an abdominal emergency of 
uncertain origin. Furthermore it helps us to dis- 
tinguish between arterial and venous occlusion, 
which may otherwise be difficult or impossible, 
even after examining a resected specimen. This 
difficulty is doubtless responsible for the dis- 
crepancy in published figures of the relative fre- 
quency of these two forms of vascular occlusion. 
Both are almost confined to the superior mesen- 
teric vessels, inferior mesenteric occlusion with 
infarction being extremely rare. 


Arterial Occlusion 

Arterial occlusion is either an embolism followed 
by secondary thrombosis, or a primary throm- 
bosis. It is not always possible to decide which is 
present, but most published series suggest that 
embolism is much the more frequent. In my own 
series no less than 90% of arterial occlusions were 
embolic. Emboli mostly come from clots in the 
left auricle in cases of myocardial infarction or 
mitral stenosis, but occasionally they come from 
an atheromatous aorta. Primary thrombosis oc- 
curs in arteries already diseased, the usual lesions 
being atherosclerosis, thromboangiitis and peri- 
arteritis. 

The results of mesenteric embolism depend 
mainly on its level. The external anastomoses of 
the superior mesenteric are so poor that, when the 
artery is blocked near its origin, infarction of al- 
most the whole small gut and part of the large gut 
is inevitable. A few heroic resections of this huge 
infarcted area have been successful, but I believe 
that in the future the main hope for such cases will 
lie in embolectomy or endarterectomy. Fortun- 
ately the embolus more often lodges lower down, 
either in the main artery after it has given off some 
of its intestinal branches or in one of these 
branches. A rich anastomotic field is provided by 
the arcades in the mesentery, and experiments 
have shown that the blood pressure in these ar- 
cades has to fall very considerably before they 
cease to function. One would, therefore, not ex- 
pect infarction to follow in such cases, and yet it 
does. For this there are several reasons. In my 
thesis (Cokkinis 1926) the blame is put on a 
secondary thrombosis spreading from the em- 
bolus through the arcades to the terminal vasa. 
I still believe this to be an important reason, but 
it is not the only one. As long ago as 1875 Litten 
claimed that the superior mesenteric functions as. 
an end-artery, in spite of the richness of its in- 
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ternal anastomosis. When an artery is blocked by 
an embolus an intense spasm may set in beyond 
this point and for a time obliterate the artery and 
its branches. Anyone who opens an abdomen 
within a few hours of the lodging of a mesenteric 
embolus may be surprised to find no visible signs 
of infarction. The gut is not even congested; on 
the contrary it may look pale and crumpled, not 
because it is the site of that extremely rare phe- 
nomenon, an anemic infarct, but because the 
pulseless arteries in the mesentery are in spasm. 
Another important result of mesenteric embolism 
is a spasm of the ischemic gut itself, which, al- 
though showing no peristalsis, may feel firm and 
contracted. This spasm of the gut wall has been 
proved to occur in animal experiments and is 
mentioned by several authors (e.g. de Muth et al. 
1959) and undoubtedly it must increase the 
ischemia. After some hours both the intestine 
and its arteries relax and blood can re-enter the 
occluded territory, but by this time irreparable 
damage may have been done and the reopening 
of the arterial channels only adds to the con- 
gestion and the hemorrhagic phenomena which 
are so characteristic of the stage of infarction now 
reached. 

All this has an important bearing on the ope- 
rative treatment of early cases of mesenteric 
embolism. It is easy for the surgeon to fail to 
realize that infarction is pending and he may 
close the abdomen and so make the patient’s 
death more certain. Or he may remove what he 
thinks is all the non-viable gut, without realizing 
that ischemia or thrombosis may still be spreading 
well beyond it, to be later dismayed by a break- 
down of the anastomosis or by the need for 
further resections (or the death of the patient) 
because of extending infarction and gangrene. 


Venous Occlusion 

Venous occlusion from thrombosis presents quite 
a different picture in the early stage. The course 
is gradual, there is no vascular or intestinal 
spasm, and the morbid process is a hemorrhagic 
infarction from the start. There is great engorge- 
ment with blood which extravasates into the wall 
of the gut and its lumen, into the mesentery, which 
becomes oedematous, and into the peritoneum. 
The chief causes of venous thrombosis are portal 
obstruction and pylephlebitis from a septic lesion 
in the abdomen or pelvis, although polycyth- 
emia and blood dyscrasias are occasionally re- 
sponsible. In a small group of cases no cause is 
found. Although venous thrombosis usually pre- 
sents a less dramatic and slower pathological and 
clinical picture, when infarction occurs the results 
are almost as disastrous as those of arterial oc- 
clusion. Intestinal infarction ends in paralytic 
ileus, bacterial gangrene, peritonitis and death. 
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There is considerable variation in the symp- 
toms, signs and course, and not a few cases pre- 
sent an atypical clinical picture. But in most it soon 
becomes obvious that we are confronted with a 
very acute abdominal emergency and that surgical 
intervention is urgently demanded. In most cases 
a clinical diagnosis is possible if the condition is 
thought of. Of the cases in my series, the diagnosis 
was made in only 14%, should have been made in 
24% more, and might have been suspected in 
another 20%. 

The most characteristic symptoms are hemorr- 
hagic, but these do not occur until infarction is 
present. Hematemesis was reported in 26% of my 
cases and in 28% of Wilfred Trotter’s series 
(Trotter 1913). 

Melena occurs in about one-third of the cases, 
but blood collects in the intestine in nearly all of 
them, and can sometimes be evacuated by a diag- 
nostic enema. (In one of my patients two pints of 
blood were passed after the enema.) Even in the 
absence of external blood, symptoms of internal 
hemorrhage (e.g. great pallor, restlessness, cold- 
ness, faintness, air hunger) are often present and 
the hemoglobin may be markedly diminished. A 
high leucocytosis (30,000—60,000) occurs later and 
means that gangrene has started. 


Treatment 

The treatment of mesenteric vascular occlusion is 
operative. A few diagnosed cases have been 
treated medically with anticoagulants, and some 
of these have recovered, but it is scarcely ever 
possible to be certain that the lesion is present 
without opening the abdomen. Medical treatment 
is only justified when the patient is too ill to have 
a chance of surviving the operation. The operation 
is performed as soon as possible and resuscitatory 
measures are started while the patient is being 
prepared. When there is evidence of loss of blood 
a transfusion can be commenced on the table. 

The abdomen is opened with a free paramedian 
incision and if blood-stained fluid escapes one can 
expect to find infarcted gut. A quick search will 
show if infarction is present, and every ex- 
perienced surgeon will recognise non-viable in- 
testine when he sees and feels it. Having done 
this, the need for resection is unquestionable and 
the only doubt that remains is how much of the 
intestine and mesentery to resect and how wide of 
the infarcted area to go. Much has been written 
about this, but in my view there is only one 
criterion: resection must stop only where the 
mesenteric arteries pulsate and the gut wall spurts 
blood on section. It is quite true that post-opera- 
tive mortality increases with the length of gut 
removed, but when this is non-viable the surgeon 
must either resect widely or lose his patient. It is 
always wise to put a drain down to the anasto- 
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mosis, and the possibility of extension of throm- 
bosis and necrosis should be kept in mind. Anti- 
biotics and modern methods of anesthesia and 
parenteral feeding improve the chances of re- 
covery. Whether or not to use anticoagulants 
after resection is a problem. They should help 
to arrest secondary thrombosis, but several cases 
of severe bleeding have been reported after their 
use (Holsey 1958). 

It is when one is fortunate enough to operate 
on an early case, i.e. before infarction has started, 
that real difficulties arise. Such a case will most 
probably be an arterial embolism, and the 
surgeon’s first thought may well be — ‘shall I look 
for an embolus and try to remove it?’ But what 
are the alternatives and what should be done if an 
embolus cannot be found or the operator does 
not feel competent to deal with it? When it looks 
as if a relatively small segment of gut is affected, 
resection of this with a wide margin is the right 
procedure and in such cases anticoagulant therapy 
should follow. But when appearances suggest that 
a very large portion of the intestine is involved 
there would seem to be two possible lines of treat- 
ment. One is to undertake a heroic resection of 
intestine which as yet seems viable, a difficult 
decision to make. The other is to close the ab- 
domen, give anticoagulants, and reopen it a day 
or two later (Ogilvy 1959). It may then be found 
that some or most of the intestine has completely 
recovered, and that a smaller segment than was at 
first expected has become non-viable and requires 
resection. This could apply to venous thrombosis 
as well as to arterial occlusion. In all cases the 
danger of later extension of ischemia and necrosis 
should be kept in mind, and the abdomen should 
be reopened if deterioration of the patient’s con- 
dition suggests this. Olsen & Lockwood (1960) 
report a case in which four separate resections 
for spreading infarction were done in twenty 
three days, with ultimate recovery. 

Finally, it might be pertinent to enquire to 
what extent modern surgical methods have im- 
proved the results of operation for this lethal dis- 
order, cases of embolectomy and endarterectomy 
being excluded. Without resection the mortality 
is still not far below 100%. After resection the 
recovery rate has improved from about 40% in 
the first quarter of this century, to about 60% in 
cases operated on in the past twenty years. 
Although not exactly spectacular, this improve- 
ment should encourage us to aim at still better 
results in the future. 
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Mr GE Mavor (Aberdeen) 
Superior Mesenteric Artery Occlusion 


Traditional treatment of superior mesenteric 
artery occlusion which has entailed either resection 
of the gangrenous bowel or anticoagulant therapy 
or both, has been attended by high mortality 
(Moore 1941, Forty 1957, Berman & Russo 1950). 
Over the past ten years the mortality in a series of 
67 cases seen at Aberdeen Royal Infirmary was 
89-5%. 

The main cause of this high mortality may have 
been the failure to regard this disease as a vas- 
cular emergency. In fact, up to the present time, 
little attention has been paid to the pathological 
background of midgut ischemia and the possi- 
bilities of direct arterial surgery have not been 
fully explored. Restoration of blood flow to 
ischemic bowel must often be the best therapy, 
provided such treatment can be undertaken before 
the changes in the bowel are irreversible. Whether 
this is possible depends not only on the technical 
feasibility of direct arterial surgery, but also on 
early diagnosis. The possibility of the latter de- 
mands more careful appraisal of the clinical 
picture, with a view to diagnosis before the onset 
of abdominal signs indicating infarction of all 
layers of the bowel wall. 


Anatomical and Pathological Considerations 

The superior mesenteric artery commonly posses- 
ses a main trunk which terminates by trifurcating. 
Usually the only branches of this main trunk are 
the middle colic artery arising near its termination 
and several jejunal branches arising from the 
distal aspect of the main trunk (Fig 1). Occlusion 
of the main trunk at any point leads to infarction 
of the whole midgut loop. If, however, the occlu- 
sion is distal, the escape of one or more jejunal 
branches may maintain viability of the proximal 
jejunum, while patency of the middle colic artery 
preserves the distal midgut. Main trunk occlusion 
is in our experience five times more common than 
peripheral occlusion. In the latter cases, because of 
of the available free collateral circulation, the 
ischemic bowel may recover or, at worst, gang- 
rene will be of limited extent. 

It is important to stress the end-artery nature of 
the blood supply of the midgut. Although several 
cases have been reported where the bowel survived 
occlusion of .thé main trunk of the superior 
mesenteric (Chiene 1869, Owen & Rob 1956), the 
anatomical arrangements in these circumstances 
are generally such that the collateral circulation is 
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Fig 1 Dissection specimen showing the anatomy of 

the superior mesenteric artery 

inadequate, and the blood flow to the bowel 
critical. This anatomical fact is the major contra- 
indication to any conservative regime of therapy 
employing anticoagulants and antibiotics. The use 
of anticoagulant drugs has not reduced mortality 
in this disease and because of the anatomical and 
pathological considerations is unlikely to do so. 
In the face of main vessel occlusion gangrene of 
the bowel is for all practical purposes inevitable. 
It seems probable that the only cases likely 
to survive with conservative management are the 
cases of peripheral occlusion: such cases cannot 
be exactly diagnosed except at laparotomy. 

It is well recognized that thrombosis secondary 
to atheroma is a more common cause of occlusion 
than embolism; in the present series, 42 cases were 
the result of thrombosis, and 24 the result of 
embolism (Table 1). In embolism, atrial fibril- 
lation is usual and the sudden onset of abdominal 
pain in the presence of a fibrillating heart should 
always point to the possibility of mesenteric 
artery occlusion from an embolus. Although some 
cases may be terminal and associated with cere- 
bral, renal, and other peripheral embolic episodes, 
nevertheless, within this group, particularly in the 
younger age range with a well-compensated heart, 
are the most favourable cases for emergency vas- 
cular surgery entailing embolectomy. Much de- 
pends on early diagnosis and the avoidance of a 
conservative regime. 

The cases of mesenteric thrombosis represent 
the more difficult group. The pathological lesion 
is usually atheromatous narrowing or occlusion 
of the main trunk of the artery or less commonly, 
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Table 1 


Superior mesenteric artery occlusion (67 cases) 





Cases % 
Thrombosis 42 62-7 
Embolism 24 35-8 
No information 1 1-5 





stenosis or thrombosis of the origin due to athero- 
sclerosis of the abdominal aorta. Frequently, the 
latter group is associated with extensive athero- 
sclerotic disintegration of the arterial tree in 
general and the coronary system in particular, and 
the final acute occlusion of the superior mesen- 
teric artery represents a terminal episode initiated 
by cardiac decompensation. In all, 9 of the 42 
cases of thrombotic occlusion come into this 
group. In these, surgery is contra-indicated. 

Careful post-mortem studies in 15 cases have 
confirmed the findings of Carucci (1953) showing 
that here, as elsewhere, atherosclerosis is usually 
restricted to the main trunk of the artery, and 
the peripheral branches are, at least for a time, 
free of disease or thrombosis. 

The pathological considerations suggest that 
usually there is a surgical possibility of dealing 
with the occlusion and restoring blood flow to 
ischemic bowel. 


The Clinical Picture 

The clinical picture traditionally stresses the 
development of abdominal signs which are in- 
dicative in most instances of peritonitis due to 
bowel wall necrosis. Possibly too, the usual con- 
ception of this emergency is one of severe pain 
associated with catastrophic vascular collapse, the 
duration being a matter of a few hours. There is, 
however, no certainty as to how often this is the 
case, a circumstance which would preclude any 
possible surgery. In this series, only 4 cases of the 
67 were in a state of peripheral vascular collapse 
when first seen. The pathological process of 
narrowing which must precede occlusion in the 
cases of thrombosis secondary to atheroma 
suggests that premonitory symptoms may occur, 
and it would appear that careful history taking 
will often reveal such symptoms (Dunphy & 
Whitfield 1940). In fact, chronic midgut ischemic 
symptoms may present a characteristic though 
uncommon sydrome, the main features being 
postprandial pain, altered bowel habit and weight 
loss along with the presence of occult blood in the 
stools and intestinal malabsorption (Mavor 1959). 
In other instances, symptoms may lead on directly 
to the acute illness. In such cases, where there is 
no history of chronic midgut ischemia, it seems 
clear that many patients have abdominal pain 
over twenty-four hours and 70% for over twelve 
hours before admission to hospital (Table 2). 
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Table 2 
Mesenteric infarction: duration of pain before admission to 
hospital (67 cases) 





Cases 

0- 3 hours 
3— 6 hours 9 
6-12 hours 9 
12-48 hours 20 
2— 7 days 13 
1- 2 weeks a 

2 weeks+ Il 





As regards the acute attack there is little doubt 
that pain is the outstanding symptom. It is gene- 
rally of sudden onset, situated in the epigastrium 
or umbilical region and constant in character. 
Not only is there often considerable delay before 
admission to hospital, but just as often more 
delay after admission to hospital. This is due to 
the fact that in the early stages there are no ab- 
dominal signs, and in the absence of such signs, 
there is delay in clinical diagnosis. In other words 
the delay in clinical diagnosis may be due to the 
desire to await the development of abdominal 
peritoneal signs, which indicate infarction of all 
layers of the bowel wall. A more rewarding ap- 
praisal of the clinical picture may be the recog- 
nition that the main feature of this disease is the 
sudden onset of severe constant abdominal pain 
associated with vomiting, but without abdominal 
signs. Abdominal signs and such features as 
bloody diarrheea, bloody vomiting and vascular 
collapse are no help in early diagnosis as they are 
signs which indicate to a greater or less degree 
infarction of the bowel wall (Table 3). 


Table 3 


Acute midgut ischaemia: 
Clinical features in acute mesenteric infarction 





Pain 100% 

Vomiting 81% 

Abdominal tenderness 85:5% 
Abdominal distension 48:2% 
Vascular collapse 37-4% 
Diarrhea 32:8% 
Bloody diarrhea 22:4% 
Bloody vomiting 119% 





Serum Transaminase 

An aid in early diagnosis may lie in the estimation 
of the serum transaminase. Experimental ex- 
perience in dogs (Mavor et al. 1961) indicates that 
even with short periods of occlusion of the supe- 
rior mesenteric artery, the serum glutamic oxala- 
cetic transaminase (S.G.O.T.) rises (Fig 2). This 
confirms the work of Larson et al. (1959), who 
indicated that the elevation of the S.G.O.T. was 
not related to any obstructive element. It would 
also appear probable that changes in the level of 
S.G.O.T. are more reliable in this disease than 
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Fig 2 Superior mesenteric artery occlusion was under- 
taken for 80 min. The portal venous serum potassium 
shows a rise during the period of occlusion reaching a 
peak skortly after restoration of blood flow to isckemic 
midgut. There is also a gradual rise in the S.G.O.T. 
during occlusion and for 45 min thereafter 


those of serum glutamic pyruvic transaminase. 

Clinically we have confirmed that the esti- 
mation of this enzyme can be a valuable guide in 
diagnosis, although, as yet, there is inadequate 
information with which to judge its reliability. 
It may be raised in such cases to a much greater 
extent than in other abdominal emergencies, such 
as acute pancreatitis. 


Operative Management 

In cases of embolism there is no technical problem, 
arteriotomy and embolectomy presenting few 
difficulties. However, the position is more com- 
plicated in cases of atherosclerotic occlusion. So 
far, thrombo-endarterectomy or thrombectomy 
has not proved an adequate or even safe pro- 
cedure. Commonly, endarterectomy has to be 
carried out indirectly from below the site of the 
occlusion, the latter often being in the initial part 
of the main trunk. It has proved unsafe to esti- 
mate the adequacy of endarterectomy on the basis 
of immediate restoration of good blood flow. In 
the present series in 5 instances rethrombosis in 
the immediate post-operative period has been 
shown by post-mortem dissection to be due to in- 
complete endarterectomy despite apparent satis- 
faction of technique expressed at the initial pro- 
cedure. In one further instance, endarterectomy 
has led to damage to the aortic intima at the origin 
of the superior mesenteric artery and as a result 
extensive dissection in the aortic wall. There is 
also the fact that anatomical variations in relation 
to both ceeliac axis and middle colic artery increase 
the hazards of such a procedure. Despite these 
objections arterial thrombectomy or thrombo- 
endarterectomy remains in most instances the 
most feasible procedure. However, the problem 
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of operative technique is far from solved. It may 
prove safer to restore blood flow by the use of a 
bypass autogenous vein graft from the right 
common iliac artery through the mesentery to the 
distal aspect of the main trunk of the superior 
mesenteric. This is simpler than transection of the 
vessel and reimplantation into the aorta (Mikkel- 
sen 1957). 

The management of the bowel and the systemic 
disturbances after restoration of blood flow pre- 
sent many problems. In regard to the systemic 
disturbances, the elevation of the serum tran- 
saminase is an index of the intracellular damage 
occurring. Experimentally, even with short occlu- 
sions of the artery in the dog, after restoration of 
blood flow, the portal venous and systemic 
venous potassium and sodium levels rise signifi- 
cantly. Although this is to be expected, the degree 
of the rise is often considerable (Fig 2). There is 
little clinical information available in this regard; 
in the present series two patients died in cardiac 
failure in whom the bowel had recovered and in 
whom high serum potassium levels existed. 

After restoration of blood flow to ischemic 
bowel the problem of bowel recovery presents 
itself. If the bowel recovers quickly and completely 
there is no problem. Unfortunately, this is seldom 
the case. In view of the vascular arrangement 
ischemia will often have been most intense in the 
mid to distal ileum, the ‘great-toe’ of the midgut, 
and even with early occlusions this segment al- 
ways represents a potentially infarcted zone. 
Shaw & Maynard (1958) recommend a second- 
look procedure, particularly if clinically indi- 
cated by the patient’s post-operative course and 
abdominal signs. But on many occasions a second 
operation for the purpose of bowel resection may 
represent a grave surgical hazard for the patient. 
There is little doubt that further experience and 
study is required both in relation to the systemic 
results of restoring blood flow to ischemic bowel 
and in regard to the management of the bowel it- 
self. Some of these may be solved by the employ- 
ment in this field of regional perfusion techniques. 
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Mr H H G Eastcott (London) said that this 
treacherous form of acute abdominal illness, with 
its paucity of signs making diagnosis difficult and 
therefore early operation unlikely, still posed 
problems even at laparotomy. In one patient the 
operative findings on the third day of the disease 
were inconclusive, yet within two days he had 
become collapsed with renewed pain and prostra- 
tion, vomiting large amounts of thin, altered 
blood, and finally presenting two hard swellings 
in the mid-abdomen. He was reopened and three 
black segments of small gut were resected. As 
often happened it was uncertain whether the 
arteries or the veins were responsible, for the 
affected areas were so swollen. The fact that this 
man recovered suggested that the arteries were 
not primarily involved, as in phlegmasia cerulea 
dolens or venous gangrene of the leg, for arterial 
ischemia in the midgut loop was generally massive 
and irrecoverable by the time discoloration had 
developed. The illness in this case had followed a 
coronary thrombosis, and was itself complicated 
by a pulmonary embolism. 


Should a stenosis of the superior mesenteric 
artery be operated upon when discovered inci- 
dentally on aortography or at laparotomy? They 
had seen how serious were the results of occlusion 
of the artery at its upper portion, and knew that 
thrombo-endarterectomy sometimes failed. The 
lesion might cause no symptoms at all even with 
complete occlusion, provided the process was 
very gradual, but if the picture was presented as 
by Mr Mavor, and the patient was not too fat, 
arterial reconstruction was indicated. 


Mr Hermon Taylor (London) said that Mr 
Cokkinis had mentioned the difficulty due to wide- 
spread vasospasm in the mesenteric vessels caused 
by the thrombosis whereby the area of necrosis of 
the gut became more extensive. In the lower limb 
he had always supposed that vasospasm after im- 
paction of an embolus was a sympathetic reflex. If 
the situation with the mesenteric vessels was ana- 
logous, reflex vasospasm and gut necrosis might 
be reduced by infiltrating the base of the mesentery 
with procaine as soon as the diagnosis of mesen- 
teric occlusion had been made. 


Mr Donald Barlow (London) referred to 2 cases of 
his, one of which was reported to the Section in 
November 1960 (Barlow, 1961, Proc. R. Soc. Med. 
54, 161), in which interference with the blood 
supply of gut contributed to or resulted in granu- 
lomatous lesions resembling Crohn’s disease. 
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Mr Walpole Lewin (Oxford) 
Head Injuries [Abridged | 


Three questions commonly confront the ortho- 
pedic surgeon called on to treat a patient with 
head injury. How is the diagnosis of multiple 
injuries affected in the presence of unconscious- 
ness from a major head injury? To what extent 
does the presence of a head injury and other 
injuries together influence the treatment of each? 
What particular complications of a head injury 
should the orthopedic surgeon be expected to deal 
with himself? The last question is being considered 
in the next paper and this communication is con- 
fined to some observations on head injuries in 
conjunction with injuries elsewhere. 


Diagnosis of Multiple Injuries 

About 30% of patients with head injuries have 
injuries elsewhere (Lewin 1953). Multiple in- 
juries in whatever combination are always difficult 
to diagnose completely at first examination but 
injuries to the spine, abdomen and chest are par- 
ticularly easy to miss if the patient is also un- 
conscious from a head injury. Although shock 
may occur after a head injury alone, particularly 
where there has been surface bleeding, yet it is un- 
common and its presence should always lead the 
surgeon to look carefully for an extracranial 
cause. 


Spinal injury: A spinal cord injury may exist 
together with a major head injury. Spinal de- 
formity may make the diagnosis obvious, but 
there are other clinical pointers which from time 
to time may be helpful. Flaccidity of the limbs 
with absent reflexes should immediately raise the 
question of a spinal cord or peripheral nerve 
injury. Although these signs do result from head 
injury, they are usually present only when the 
patient is deeply comatose, and with pupils fixed 
to light at the terminal stage, or alternatively for 
a brief initial period after a head injury. A patient 
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who is any lighter than this and who has flaccidity 
and absent reflexes should be re-examined with a 
view to a more peripherally placed lesion. The 
presence of a sensory level may be helpful. Even 
when a patient is unconscious, as long as he is 
reacting to some kind of painful stimuli it is 
usually possible in the presence of a spinal cord 
injury to make out at least a rough level of sensory 
impairment. In a complete lesion, sweating is also 
absent up to that level. Some patients after major 
head injuries show hyperhidrosis in the early 
stages and on occasion the absence of sweating 
below a spinal cord lesion has delineated this level 
in a very remarkable fashion. Priapism, common 
enough with a paraplegia, is rare after a major 
head injury. 

The commonest spinal problem to cause anxiety, 
however, is the cervical injury. After head injury 
the neck may be stiff from two causes. A blow on 
the back of the head with fracture of the occiput 
will result in bruising of the overlying occipital 
muscles and neck stiffness but on examination the 
tenderness is usually restricted to the region of the 
superior nuchal line and does not extend down to 
the mid-cervical region. The other cause is menin- 
gism from subarachnoid bleeding or, less com- 
monly, pyogenic meningitis. But here again there 
is no true tenderness in the cervical region and 
stiffness of the neck is limited to forward flexion, 
lateral flexion and rotation remaining nearly full. 
Our own general rule therefore is, if there is any 
mid-cervical tenderness, or if movement of the 
neck by the patient is limited in a lateral direction, 
to X-ray the cervical spine before beginning the 
routine management of the head injury, which en- 
tails regular turning of the patient. These rough 
tests do not of course exclude minor injuries of the 
neck, which can be reassessed later on, but at least 
minimize the risk of overlooking a major fracture 
of the cervical spine in the unconscious patient. 


Abdominal injuries: The diagnosis of an abdomi- 
nal injury in an unconscious patient can be diffi- 
cult because the common signs of pain and local 
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rigidity may be modified in these circumstances. 
It has been said that abdominal guarding or 
rigidity cannot be relied on since these signs are so 
often an accompaniment of a major head injury. 
This is true only to a limited extent. Certainly if 
the limbs are spastic, then any abdominal 
guarding or rigidity may be all part of the general 
increase of tone. Even here, however, local rigidity 
in one part of the abdomen should not be lightly 
dismissed, and particularly when the tone in the 
limbs is normal it is very unlikely that any 
abdominal rigidity is related to cerebral causes. 
Two other signs, however, can be valuable. One 
is the presence of an impaired percussion note in 
the flanks and the other is the absence of bowel 
sounds. Auscultation of the abdomen is a routine 
procedure in the unconscious patient. Bowel 
sounds are usually retained even in the presence of 
severe head injury except in the terminal state or 
in the presence of paralytic ileus. Their persistent 
absence, and particularly if other signs such as 
distension are added, should raise the question of 
an associated abdominal injury. 

Most important, however, in the diagnosis of 
intraperitoneal bleeding is the progress of the 
patient’s condition as registered on a continuous 
observation chart. A rising pulse-rate and falling 
blood pressure in an unconscious patient who is 
reacting purposefully to painful stimuli and has 
reacting pupils, is much more likely to be due to 
an extracranial cause, either a chest or metabolic 
complication, or another hitherto unsuspected 
injury. 


Chest injuries: Many of these are obvious, but too 
much reliance should not be placed on early radio- 
logical examination, which in these patients may 
be difficult to do and its interpretation incon- 
clusive. A careful search should always be made 
for surgical emphysema and the possibility of a 
chest injury should be raised if, despite a perfectly 
good airway, a patient does not remain well 
oxygenated. 


Management 

The treatment of a head injury in association with 
major injuries elsewhere brings conflicting de- 
mands. Thus the patient with a head injury needs 
constant observation and quiet, whereas many 
other injuries require early operative treatment. 
From the outset it is wise for the unconscious 
patient to be turned at regular intervals to prevent 
chest complications, whereas in many other in- 
juries immobility is the first requirement. A patient 
with head injury should be nursed on his side, 
but one with an abdominal injury or a lower limb 
fracture is nursed on his back and those with 
chest injuries may indeed be better sat up. Peri- 
pheral injuries, as mentioned earlier, are com- 
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monly associated with shock and early and 
adequate fluid replacement of blood or electro- 
lytes or both is one of the first essentials. In the 
presence of a head injury one has to be cautious 
in their administration because of the risk of 
precipitating brain oedema. The pain and dis- 
comfort from peripheral injuries require anal- 
gesics and sedatives whereas such drugs are 
contra-indicated if a head injury is present. 

Yet a compromise has to be reached. Attention 
has to be directed first to important and life-saving 
measures but at the same time the likely disabili- 
ties a patient may have if he survives should be 
borne in mind, for one may lose a patient in the 
early stages from misguided treatment, or realize 
too late that some comparatively simple measure 
to another injury would have been possible during 
the acute stage and prevented a lasting disability. 

Whatever else may be done about a head injury, 
the two basic requirements are an effective airway 
twenty-four hours in the day, and an initial neuro- 
logical assessment of the patient’s conscious level 
on admission with a record of the presence or 
absence of neurological signs. We all believe this 
but it is also true how, in the presence of other in- 
juries and the haste to get on with their treatment, 
this examination is frequently skimped. Subse- 
quent to admission, or after an anesthetic when a 
hemiparesis or an inequality of the pupils is 
noticed for the first time, or indeed the patient’s 
conscious level is thought to be lower and its sig- 
nificance is questioned, it is then one regrets that 
at no stage was this basic examination completed, 
and the time of onset of these signs is not really 
known. Indeed one would go so far as to say that, 
with or without other injuries, if this initial base 
line was established and some arrangement made 
for regular observation afterwards in every case, 
a good deal of the anxiety and difficulty surround- 
ing diagnosis of the head injury and its implica- 
tions would be very materially lessened. 


Timing in the treatment of other injuries and in 
giving an anesthetic: The natural inclination to 
reduce fractures and to suture wounds immediately 
should be restrained in patients with head injuries 
until not only has time been taken to examine the 
patient thoroughly, but a short period of obser- 
vation made to watch the progress of the patient. 
It should be remembered, and this can be most 
useful, that some 80% of patients even after a major 
head injury will show definite improvement within 
the first few hours, often to a degree which turns 
what seems to be a difficult clinical problem into 
an obvious order of priorities which allows the 
best treatment for-all injuries. It should also be 
remembered that the unconscious patient may 
well have been through a period of hypoxia from 
inhalation of blood or vomitus and often also a 
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period of hypotension at the roadside before ad- 
mission. It is not possible to guarantee that these 
complications will not recur again during opera- 
tion under emergency conditions and, as we have 
seen, further intracranial complications such as 
prolonged confusion and even hemiplegia can re- 
sult from the effects of hypoxia or hypotension or 
both. It is not just giving the anzsthetic which is 
the problem but the movement and preparation 
which the operative procedure entails and the 
procedure itself which can often, particularly with 
jaw and facial injuries, turn out to be a much 
bigger procedure than was at first envisaged. 
There are the particular problems of anzsthesia. 
Vomiting and inhalation during intubation or at 
any stage during the anesthetic is a real risk even 
after one has taken the precaution of emptying the 
stomach as far as possible. Edema of the brain 
may accompany anesthesia and this is particularly 
likely to happen in a recently traumatized brain. 
This mechanism probably accounts for some of 
the cases where, after reduction of a fracture, a 
patient with a head injury fails to come round 
from the anesthetic. In many of these cases, how- 
ever, it is seen in retrospect that the patient’s 
progress just prior to the operation was not en- 
tirely satisfactory and this reinforces the wisdom 
of a careful assessment before a decision for early 
operation and anesthesia is taken. 

This is not to suggest for one moment that the 
treatment of extracranial injuries needs to be 
severely truncated in the presence of a head 
injury. What is being emphasized is that where it 
is possible, a few hours’ delay frequently converts 
the situation to one so favourable to the surgeon 
and patient that it is then possible to proceed 
more exactly with definitive treatment and also 
make the anesthetic safer. Although it is true, 
therefore, that the best time for treating any par- 
ticular injury is as soon as possible yet in this 
particular setting of multiple injuries with a head 
injury ‘as soon as possible’ may well entail a 
temporary delay to the benefit of the patient. 

We have been encouraged in this view by review- 
ing recently our results in two common and diffi- 
cult associated injuries, the fractured femur witha 
head injury, and the fractured jaw with a head in- 
jury. Thus of 59 patients with a fractured femur 
and a head injury combined it was found in 29 
of them that not only did a few hours’ observation 
render these patients fit for definitive treatment 
but their subsequent course differed in no way 
from the uncomplicated limb fracture. Although 
in 30 patients a longer delay was necessary, 
reaching in some cases to days, it was found 
possible in all with compound fractures to com- 
plete the essential operation within the first 
few hours, even at some risk to the head injury, 
which in these circumstances was felt to be 
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justifiable. It was also found that the end- 
results in this group both as regards the union of 
the femur and its functional result were as good 
as in the group where there had been no head 
injury at all (Gibson 1960). Similarly, although 
one should splint and reduce jaw fractures as soon 
as possible, delay is inevitable in the presence of a 
major head injury where the patient’s condition 
precludes the necessary manipulation and reduc- 
tion. Nevertheless of 48 such patients who have 
had their treatment delayed beyond twenty-four 
hours, union of the jaws has followed in all and 
in the opinion of our oral and maxillo-facial 
surgeon their clinical function has compared 
favourably with those where there had been no 
delay (Hayton-Williams 1960). 


Blood and fluid replacement: \f a patient with a 
head injury has a low blood pressure as a result 
of blood or fluid loss then this needs to be re- 
placed intravenously, but it should be borne in 
mind that a low blood pressure after a head in- 
jury is not infrequently due to pulmonary collapse 
and such a patient requires a better airway such as 
a tracheostomy rather than a large amount of 
intravenous fluid. Similarly patients after head 
injury who are developing central failure will show 
a steadily falling blood pressure but attempts to 
transfuse these patients not only fail to lift the 
blood pressure but make matters worse. The risk 
of over-transfusing patients arises when treatment 
is based purely on levels of blood pressure without 
the clinical cause of the low blood pressure having 
been fully evaluated. We have found in some cases 
for example that a low blood pressure after a head 
injury may be more quickly and safely restored by 
vasoconstrictor drugs such as aramine or by the 
use of hydrocortisone. 


Acknowledgments: My thanks are due to Mr J C 
Scott, Director of the Accident Service, Radcliffe 
Infirmary, Oxford, and to the many other surgeons 
of the hospital who have combined in the treat- 
ment of these patients. 
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Mr R Campbell Connolly (London) 
Head Injuries 


To understand the surgical management of head 
injuries it is necessary to appreciate the under- 
lying pathology. Injury to the brain may be classi- 
fied under three main headings: concussion, con- 
tusion or laceration, and compression. These 
lesions may occur as separate entities or together 
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in the same patient. They may or may not be 
associated with fractures of the skull, but these 
fractures are of no special importance in them- 
selves except when they are open and require de- 
bridement, or when they involve the nasal air 
sinuses or middle ear. 

It is particularly important to distinguish clearly 
between cerebral contusion and cerebral com- 
pression. Cerebral contusion or laceration will 
result in immediate dysfunction of part of the 
brain and is nearly always associated with loss of 
consciousness. Thus from the time of the injury 
there may be clinical evidence of a focal brain 
lesion, such as alteration of the pupils, dysphasia, 
visual field defects or weakness of the face and 
limbs on one side. In most cases these signs will 
improve gradually and operation is not indicated. 
Compression of the brain occurs as a result of the 
formation of a hematoma, which may be in the 
extradural space, the subdural space or within the 
brain substance. It may not necessarily follow 
severe injuries to the head, and the patient may 
therefore be only lightly unconscious or not un- 
conscious at all at the time of the accident. As the 
clot expands the state of consciousness will de- 
teriorate and progressive evidence of a focal brain 
lesion may occur, shown clinicaily by alteration 
of the pupils and weakness of the limbs on one side. 

In the management of acute head injuries 
accurate assessment and observation are therefore 
of vital importance. On admission to hospital 
efforts should be made immediately to ascertain 
the patient’s state of consciousness from the time 
of the injury, and from thenceforth accurate 
records should be kept of this at frequent inter- 
vals, together with pupillary reactions and move- 
ments and tone of the limbs. After an initial im- 
provement, often called the lucid interval, de- 
terioration in the state of consciousness and 
neurological state in most cases, provided that 
such complications as fat embolism or severe 
toxemia can be excluded, will indicate the for- 
mation of an intracranial hematoma requiring 
evacuation by operation. 

During World War II it was found that patients 
with open brain wounds travelled well, but this is 
unfortunately not the case with patients suffering 
from rapidly expanding intracranial hematomas 
who tend to travel badly, and as a result of inevit- 
able delays many have died or have suffered 
permanent neurological damage in this way. It 
follows, therefore, that in patients who deteriorate 
rapidly within a few hours of injury, operation 
should be performed immediately by a surgeon on 
the spot, rather than after transfer perhaps many 
miles to a neurosurgical unit. The evacuation of 
an extradural hematoma is one of the easier 
operations upon the head, and if the facts can be 
ascertained clearly it is often possible to obtain 
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good advice from a neurosurgeon over the 
telephone. 

In operating on such cases it is best that the 
patient should be under general anesthesia with 
an endotracheal tube in place. The majority of 
extradural hematomas underly a fracture line and 
it follows that in seeking such a lesion the first 
burr hole should be placed over the fracture line, 
if one is visible on X-ray of the skull. An addi- 
tional guide may be swelling of the temporal 
muscle on one side owing to the formation of a 
safety-valve hematoma with the blood leaking 
from the extradural space through the fracture 
line into the temporal muscle. This is often only 
visible when the head has been shaved. Occasion- 
ally the state of consciousness of a patient may 
deteriorate without there being any demonstrable 
hemiparesis or even alteration of the pupillary 
reflexes or size of the pupils and when this occurs 
One must suspect the possibility of the hematoma 
lying in the frontal region, particularly if there is 
a fracture line in that area. Under these circum- 
stances a surgeon should have no hesitation in 
making a burr hole over the forehead; likewise he 
should not hesitate to make multiple burr holes if 
he is unsuccessful in finding a hematoma. The 
well-established method of evacuating an extra- 
dural hematoma is still the best: the skull is 
exposed through a straight or curved incision and 
hemostasis from the wound edges and retraction 
of them can be obtained by using a self-retain- 
ing mastoid retractor. A burr hole is then made 
and can be enlarged if necessary with nibbling 
forceps. If, after evacuation of the hematoma, the 
dura fails to expand and obliterate the dead 
space, the intrathecal injection of normal saline via 
the lumbar root is sometimes beneficial. Bleeding 
from the dura can usually be controlled without 
difficulty with diathermy and gelatin sponge. If 
great difficulty is encountered in obtaining hemo- 
stasis at this stage, a neurosurgeon can be asked to 
come and help, or the patient could even be trans- 
ferred to a neurosurgical unit with a pack in the 
wound, for the patient is now in a safe state since 
blood will no longer collect in the closed cranium. 

In patients who deteriorate more slowly and 
perhaps many hours after injury, transfer to a 
neurosurgical unit is more desirable, for in these 
the urgency for operation is not as great and the 
technical difficulties of operation are often greater, 
particularly when the hematoma lies in the sub- 
stance of the brain. Also special investigations 
such as angiography may be valuable. Patients 
with open fractures and open brain wounds rarely 
form sizable intracranial hematomas, so that 
there is usually no contra-indication to these being 
transferred. The need for operation from the point 
of view of sepsis is also not great in these cases, 
though it is desirable that proper debridement and 
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suture of the wound should be carried out within 
forty-eight hours. 

In the general management of unconscious 
patients certain considerations are essential. The 
airway should be kept clear and patients are best 
nursed with the head dependent and turned regu- 
larly to facilitate the drainage of bronchial secre- 
tions, which can be removed from the pharynx by 
means of a sucker and sterile soft catheter. When 
this is not adequate there should be no hesitation 
in performing a temporary tracheostomy. Undue 
rise of body temperature must be prevented by 
removing bed clothes, cold sponging, fanning, and 
even the application of ice bags. I have never been 
able to discover a rational basis for the use of 
hypothermia in head injuries; it tends to make 
management more complicated and the nearer the 
temperature is kept to normal the better. Except 
when there has been appreciable blood loss or 
there is shock owing to other injuries, intravenous 
fluids are best avoided and when the patient can- 
not swallow, nourishment usually can be given 
satisfactorily by means of a Ryle’s tube. Anti- 
biotics should be administered prophylactically to 
reduce the possibility of chest infection, the advent 
of which may sometimes produce a quite remark- 
able deterioration in the patient’s neurological 
state. Sedatives may be necessary to control great 
restlessness and the best of these is phenobarbi- 
tone usually given by intramuscular injection. 


Professor Roland Barnes (Glasgow) 
Paraplegia in Cervical Spine Injuries [Abridged] 


Between one-third and one-half of all cervical 
spine injuries are complicated by paraplegia, and 
of these patients about half have a complete tetra- 
plegia which accounts for almost all the deaths. 
Paraplegia may be immediate or late. Immediate 
paraplegia is caused by direct contusion of the 
cord; compression has no part in its develop- 
ment, and probably little influence on its persis- 
tence. Late paraplegia is a constant hazard after 
fractures or dislocations of the cervical spine, the 
cord is under compression from a bony spur or a 
slowly developing deformity, which may be caused 
by faulty treatment or failure to appreciate the 
seriousness of the vertebral injury. 


Immediate Paraplegia 

Immediate paraplegia may occur as a compli- 
cation of (1) compression fracture, (2) dislo- 
cation, or (3) hyperextension injury. 

Compression fracture: When compression is 
applied to the neck the end plates of the vertebral 
bodies bulge and one eventually cracks, a vertical 
fracture of the body is produced into which nu- 
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Fig 1 Compression fracture of fourth cervical 
vertebra. The larger vertebral fragment 
protrudes into the spinal canal 


clear material escapes (Roaf 1960). As compres- 
sion continues the body of the vertebra disin- 
tegrates, the posterior fragment is projected back- 
wards into the spinal canal and may cause an 
immediate cord lesion (Fig 1) or, if the displace- 
ment is not corrected, late paraplegia (Schneider 
& Kahn 1956). 

The cord lesions produced by compression in- 
juries are usually incomplete. There is immediate 
motor paralysis, retention of urine, and varying 
degrees of hypesthesia and hypalgesia below the 
level of the lesion. Sensation to vibratory stimuli 
may also be impaired, but muscle and joint sensi- 
bility are usually retained. The distribution of 
sensory and motor paralysis indicates that the 
lesion is situated in the anterior and central parts 
of the cord, sparing the posterior columns. The 
prognosis in this type of cord injury is usually 
favourable. Within minutes or at the most a few 
hours of injury there is return of voluntary move- 
ment in the lower limbs, and control of the bladder 
will often be regained within a few days. Muscular 
power returns to the arms and hands more slowly, 
and there may for a time be a partial Brown-- 
Séquard syndrome. 

Dislocations of cervical spine: Complete anterior 
dislocations are usually but not inevitably compli- 
cated by a cord injury. It is remarkable how little 
correlation there is between the degree of vertebral 
displacement and the depth of paraplegia. The 
outlook is bad if there is a complete tetraplegia 
unless there is some recovery within a few hours 
of the accident. It has often been claimed that 
continuing compression of the cord is an impor- 
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Fig 2 Myelogram of the neck of a patient with cervical 
spondylosis in hyperextension. The column of Myodil is 
indented by the bulging interlaminar ligaments behind 
and the osteophytes in front 


tant factor in the persistence of paraplegia. If this 
were so the restoration of normal alignment in the 
cervical vertebre ought to assist return of cord 
function but this seldom occurs. 


Hyperextension injuries: In a patient with anky- 
losing spondylitis or cervical spondylitis hyperex- 
tension of the neck may have most serious conse- 
quences. In these patients the margin of safety for 
the cord is small, and if the neck is extended the 
cord may be compressed between the bulging 
interlaminar ligaments behind, and the osteo- 
phytes in front (Fig 2) (Taylor 1951). In some 
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patients it may not be possible to demonstrate any 
damage to the joints, discs or ligaments, but more 
commonly there is a rupture of the anterior verte- 
bral ligament at the level of the disc immediately 
above the spondylitic area (Barnes 1948). 

The danger of hyperextending a spondylitic 
cervical spine whilst intubating the trachea or 
during operation is not always appreciated. Re- 
cently a patient with ankylosing spondylitis and a 
fracture at the thoracolumbar junction sustained 
a hyperextension injury of his lower cervical spine 
complicated by tetraplegia whilst being lifted on to 
the operating table. 

In many hyperextension injuries the cord lesion 
is complete initially. These patients usually die 
within the first three days after injury. If the para- 
plegia is incomplete the clinical picture may be 
similar to that previously described for an acute 
disc protrusion. 


Late Paraplegia 

Late paraplegia is an avoidable catastrophe in a 
cervical spine injury. It may occur in the following 
circumstances: 

(1) A trivial anterior subluxation of a vertebral 
body may be overlooked, or treated as an insig- 
nificant injury. It is important to appreciate that 
the position disclosed by the radiograph on ad- 
mission to hospital may not represent the degree 
of dislocation at the moment of injury, and that if 
there is a tear of the ligaments and intervertebral 
disc the original displacement may recur when the 
patient is allowed up. Abnormal separation of the 
spinous processes should be regarded as evidence 
of a serious tear of the ligaments and disc, and an 
indication for open reduction and localized fusion 
of the laminz above and below the dislocation. 

(2) A Minerva plaster jacket is not a reliable 


Fig 3 Radiograph of cervical 
spine of patient who sus- 
tained a partial paraplegia 
as the result of a com- 
pression injury. The inter- 
vertebral disc between the 
third and fourth cervical 
vertebre is narrowed and 
there is a complete block at 
this level on the myelogram 
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method of holding the position of reduction in an 
anterior dislocation of the cervical spine. When 
the dislocation has been reduced by skull traction 
the position should be stabilized by internal 
fixation and fusion (Rogers 1942). 

(3) In a severe compression fracture an attempt 
should be made to replace any fragments of bone 
projecting into the spinal canal or they may later 
cause pressure on the cord. These injuries are best 
treated by skull traction with the neck in neutral 
position until sufficient union has occurred to 
stabilize the fragment. 

(4) Prolonged heavy skeletal traction predisposes 
to redislocation. 

(5) Fractures of the odontoid with forward dis- 
placement of the atlas on the axis are sometimes 
complicated by paraplegia which may occur from 
a few months to many years after injury. Blockey 
& Purser (1956) maintain that this only occurs 
when the fracture of the odontoid is not recog- 
nized or is inadequately treated. 


Treatment 

Indications for laminectomy: Jefferson (1936) in 
his classical paper on spinal injuries argued that 
traumatic paraplegia was caused by direct con- 
tusion of the cord, and that compression from 
whatever cause played little part in the perpetua- 
tion of the paralysis. This view is strongly suppor- 
ted by the fact that neurological recovery does 
not appear to be materially influenced by reduction 
of a displaced cervical vertebra, though this is 
usually indicated for other reasons. 

I believe the following criteria should be satis- 
fied before laminectomy is advised for the treat- 
ment of paraplegia occurring at the time of 
injury: (1) The paraplegia should be incomplete 
and either stationary or deepening. (2) There 
should be a demonstrable spinal block after re- 
duction of the fracture or dislocation. 

If these conditions are satisfied few laminec- 
tomies will be performed, and then usually for an 
acute protrusion of a cervical disc (Fig 3) or for 
the removal of a fragment of the vertebral body 
which has been displaced into the spinal canal. 

Late paraplegia is quite a different problem. 
The cord is under compression as a result of a 
slowly developing deformity. If the vertebral dis- 
placement cannot be corrected by powerful skull 
traction or open reduction, laminectomy is the 
only alternative. If there is a risk of further dis- 
placement an anterior fusion of the dislocated 
vertebre may be performed. 
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Mr F C Durbin (Exeter) 
Management of Lower Cervical Injuries 


The increasing number of road accidents with 
high velocity vehicles is resulting in many more 
head injuries and multiple injuries. Careful exam- 
ination and assessment is necessary in such cases 
so that cervical fractures and dislocations may not 
be overlooked, as the neck symptoms may not be 
marked and attention is directed to more obvious 
injuries elsewhere. It is advisable to insist on rou- 
tine neck X-rays in all cases of head injury. Cer- 
tainly any complaint of pain in the neck should 
be thoroughly investigated, including flexion and 
extension films. These may show evidence of in- 
stability, particularly in some of the so-called 
whiplash injuries of the neck, caused by violent 
acceleration and deceleration forces. It is well to 
remember again the case of a parachutist ortho- 
pedic surgeon who sustained an undiagnosed 
fracture dislocation of the neck following a fall 
into the sea when his parachute failed to open. 
The C7-D1 area is difficult to X-ray in thick-set 
people and it may be impossible to obtain satis- 
factory X-rays with ordinary techniques. Tomo- 
graphy may help in establishing the diagnosis. 


Mechanism of Injury 

For many years we have believed that most broken 
necks were caused by hyperfiexion and compres- 
sion injuries. It was not until Barnes (1948) and 
Taylor & Blackwood (1948) drew attention to 
tetraplegia caused by hyperextension injuries that 
extension injuries of the neck were recognized to be 
commoner than supposed. Roaf (1960) has shown 
that experimentally the most important move- 
ment in causing dislocation and fracture dislo- 
cation of the neck is rotation. Forsyth et al. (1959) 
have stressed extension and rotation forces as a 
cause of about 50% of all cases with slight for- 
ward displacement of the vertebra. The site of 
abrasions and bruises on the skull and face may 
be helpful in determining the direction of the 
force, but the posterior anchorage of spinous pro- 
cess and interspinous ligament may be destroyed, 
thus leading to instability, whatever may be the 
direction of the injuring force. 

In considering the mechanism of injury we must 
not forget the ‘staying’ effect of the muscles of the 
neck. As the muscles are probably strongly braced 
at the time of the impact they function in a similar 
manner to the shrouds and kicking strap of a 
sailing dinghy, holding the mast straight under 
compression. A sudden blow resembling a heavy 
gust of wind may cause a fracture. From experi- 
ence I know that the mast usually breaks well 
below its mid-point, that is roughly in the C5-6 
region of the cervical spine. 
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Treatment 

First aid measures: Any patient with pain in the 
occiput, neck or arms after an injury may have an 
injury to the cervical spine without paralysis and 
care is necessary to prevent further neurological 
damage during transport. The neck should not be 
flexed or hyperextended and should be stabilized 
in the longitudinal plane of the body with the chin 
up and a small pad under the neck to maintain the 
lordotic curve. Skeletal traction — and Crutchfield 
tongs are very satisfactory — should be applied in 
all displaced fracture dislocations and in any tetra- 
plegia even though no fracture or dislocation is 
visible on the X-ray films. This will immobilize 
the neck and protect the cord and assist in reduc- 
tion of displacement and allow preparation of the 
patient when operative treatment follows. Oblique 
X-rays are helpful during reduction if it appears 
incomplete, as locked facets may be a cause and 
can then be recognized. It is not the place here to 
mention measures required for the treatment of 
tetraplegia except to emphasize the importance of 
preventing respiratory embarrassment and anoxia, 
and this may require tracheotomy. 

Rogers (1942) has summarized the principles of 
treatment: (1) The cord must be protected at all 
times. (2) Reduction must be complete or pain and 
recurrence of deformity will follow. (3) Fixation 
must be adequate or there will be recurrence of 
deformity. 

No one disputes the first two principles, but 
there may be some controversy over the third as 
to what is adequate fixation. 

Conservative or non-operative treatment by 
plaster fixation may be employed when the spine 
is stable, in minor and compression fractures, in 
the elderly, or if operation is contra-indicated on 
general grounds. In unstable fracture dislocations 
plaster splintage may not prevent recurrence of 
dislocation and, with it, redislocation has occurred 
on eight occasions. At least six months’ fixation 
is required and besides being ineffective it is often 
bad for the morale. Bony fusion between the 
bodies of affected vertebre nearly always takes 
place whether or not a dislocation is reduced and 
there may be a surprising amount of displacement 
without marked clinical deformity or symptoms. 
Nevertheless, the cervical cord is so vulnerable to 
pressure that marked displacement may lead to 
serious late neurological results. 

Operative treatment has certain advantages to 
offer: (1) Locked facets are reduced. (2) The spine 
is stabilized by wire fixation and grafting. (3) Re- 
currence of dislocation is unlikely. (4) Fixation is 
shortened to three months. (5) Violent occupa- 
tions and pastimes can be resumed without fear of 
complications. 
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Careful assessment is necessary before opera- 
tion and it is probably wise to delay operation for 
a few days until the patient has stabilized, particu- 
larly in those with spinal cord injury, as early 
anesthesia and manipulation may lead to fatal 
cerebral anoxia. The operation is facilitated by 
the use of the Shorbe & McBride (1950) frame 
which can be used on an ordinary operating table 
and permits easy access for anesthesia and also 
continuation of skull traction during the opera- 
tion. The technique of Rogers is easy to follow, 
but great care must be taken while exposing the 
laminz and probably it is best to avoid hammering 
which may damage the spinal cord. A small trans- 
verse hole is made at the junction of the spinous 
process with the lamina of each vertebra, and the 
spinous processes are encircled with stainless steel 
wire of No. 24 swe. Iliac grafts are laid in 
position under the parallel portions of wire fixa- 
tion. Afterwards the patient is kept supine on 5 lb 
traction for two weeks and then is fitted with a 
collar of plaster of Paris or polythene which is 
worn for three months. 


Since 1946 there have been 104 cases of cervical 
injury treated at Exeter with 25 deaths which 
are analysed here. 





Operation Deaths 

With cord injury 4 4 (3 complete 
22 tetraplegia) 

Without cord injury 18 


Conservative treatment 


With cord injury 34 19 (18 complete 
82 tetraplegia) 
Without cord injury 48 2 
Total 104 25 





There were 22 operations with 4 deaths, 3 of 
which occurred in patients with complete tetra- 
plegia. Two of these deaths occurred within 
twelve hours of operation through anoxia, | four- 
teen days afterwards from pulmonary embolus 
(incomplete tetraplegia), and 1 eight months after- 
wards from bronchopneumonia. There would not 
seem to be a strong indication for operation in 
complete tetraplegia. It is dangerous and contri- 
butes very little if successful. Only 3 survived of 
24 cases of complete tetraplegia. 
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Dr L G Lajtha and Mr R Oliver (Ox/ford) 
A Kinetic Model of the Erythron [Summary] 


Autoradiographic investigations on human bone- 
marrow cells in vitro have provided information 
on the cell cycle, rates of hemoglobin, nucleic acid 
and protein synthesis of nucleated red cells. This 
information, correlated with other available data 
(daily red cell production, ®*Fe appearance curve, 
bone-marrow differential count, and total marrow 
erythroid cellularity) made possible the construc- 
tion of a kinetic model of the erythron. The results 
have been published in detail elsewhere (Lajtha & 
Oliver 1960). 


Observations 

(1) Intermitotic cycle: The intermitotic cycle time 
for the early normoblasts (pro- and basophilic 
normoblasts) was measured both with a DNA 
labelling method and by the Fe grain count 
halving time, and was found to be about twenty 
hours. The early polychromatic normoblasts ap- 
pear to have a slightly longer cycle time (approxi- 
mately thirty hours), and the later polychromatic 
normoblasts — although some maintain a vestige 
of DNA synthetic capacity — do not appear 
to divide. 

(2) Hemoglobin synthesis: All nucleated red cells 
are capable of *°Fe uptake (perhaps apart from 
the classical orthochromatic normoblast) but the 
rate of Fe uptake decreases with increasing dif- 
ferentiation. Thus if the uptake rate in pronormo- 
blasts is equated with 0-5, then it decreases to 0-3 
in the early polychromatic normoblasts and to 
0-25 in the later polychrematic normoblasts. These 
rate figures (i.e. 0-5 instead of 1-0) have been 
chosen as if they are expressed as pg Hb/hour; 
they can indicate the expected Hb content of cells, 
which can be measured independently by the UV 
absorption of 4,047 A. Thus it is known that the 
average Hb content of the basophilic normoblasts 
is about 16 wg, and that of a mature reticulocyte 
30 Ung. 


Meeting October 11 1960 
Discussion on the Kinetics and 
Control of Erythropoiesis 


(3) Rate changes during cell cycle: Grain count 
distribution studies have indicated that the rate of 
Hb synthesis (®°Fe uptake) increases exponentially 
during interphase — parallel with increase in cell 
mass. This offered an explanation for the obser- 
vation of appearance of some very highly labelled 
reticulocytes, shortly after in vivo Fe labelling. 
These ‘high’ reticulocytes were suggested as the 
result of ‘skipping’ the last mitosis in the early 
polychromatic normoblast stage. 

(4) Stem cells: The lack of direct effect of ery- 
thropoietin on erythroid cells both in vitro and 
in vivo, and the gradual dilution with time of 
a labelled pronormoblast population with un- 
labelled cells indicated the existence of a precursor 
(stem cell) compartment, from which, due to 
proper stimulation, cells differentiate into the 
erythron. 


The Model 

From the above observations the construction of 
a model was attempted. For the construction 
certain additional available information had to be 
used, i.e. the bone-marrow erythroid differential 
count, and the time scale of the Fe appearance 
curve in the peripheral blood. This model is 
illustrated in Fig 1. 

As with every model, it is required to fit with all 
the available information on the kinetics of eryth- 
ropoiesis. As presented above, it incorporates 
the stem cell compartment, from which a pro- 
normoblast differentiates out. This cell is repre- 
sented as undergoing three twenty-hour cell cycles, 
gradually increasing its hemoglobin content. In 
the first two cycles the cell morphology changes 
but little, and differentiation between ‘pronormo- 
blast’ and basophilic normoblast may partly de- 
pend on cell size. With increase in Hb content the 
cell eventually will be called ‘early polychro- 
matic’, by which time its cycle time is longer, and 
after the last division it matures until the nucleus 
is lost and a further period of maturation (as 
reticulocyte) follows before it is released into the 
blood. 
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Fig 1 Model of the erythron (for explanation see text ) 


As ‘accidents’ are bound to happen in every 
biological system, a certain amount of cell death 
will result in some ‘ineffective erythropoiesis’. 
Furthermore, it is postulated that some cells may 
‘skip’ the last mitosis (? reaching a critical Hb 
concentration which prevents further nuclear 
functions — a process which could be responsible 
for nuclear loss also) and then appear earlier in 
the blood, and with a high degree of labelling. 

From the scheme the rate of delivery of cells 
(and of ®°Fe, for example) to the blood can be cal- 
culated, and the expected rate of ®°Fe appearance 
is in fact identical with that found in man. 

The mitotic index, and differential distribution 
of cells also can be calculated from the model, and 
are again the same as found in man. 

According to the model one stem cell differen- 
tiating into the erythron would produce 20 reti- 
culocytes on the average. Between the stem cell 
and the reticulocytes there are 1,517 ‘hours worth’ 
of nucleated cells. From this, and from the daily 
red cell production the total marrow cellularity 
can be calculated. Such a calculation gives 3 x 101! 
cells, in good agreement with that found by direct 

easurement in vivo. 
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Regulation Kinetics 

Apart from the steady state of erythropoiesis, the 
model offers explanation of the mechanism of 
regulation of erythropoiesis. 

It is suggested that a certain concentration of 
erythropoietin induces differentiation in a certain 
proportion of the stem cells (perhaps by enzyme 
induction). Thus increase of red cell production 
by factors of 2 to 8 could be imagined by a 2- to 
8-fold increase of the ‘feed’ of stem cells into the 
erythron. The same mechanism (induction or 
stimulation of Hb-synthesizing enzymes) would 
favour the ‘short-cut’ pathway (II’ on Fig 1) thus 
resulting in a steeper ®°Fe appearance curve, and 
appearance in the blood of some orthochromatic 
normoblasts. 

It is expected that the stem cell compartment 
has its own regulatory feed-back control (? total 
stem mass) and that there is, in the human body, 
a supply in significant excess of the daily differ- 
entiation, e.g. 5 x 10° stem cells differentiate daily, 
so that if there are 5 x 10'° stem cells in the com- 
partment (ten days’ supply) each day 1/10 of the 
population will divide to supplement the loss. 
This concept avoids postulating an asymmetric 
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division and maintains the rule: each daughter 
cell is a replica of the mother cell. 


This model explains the well-known response 
to ionizing radiations: immediate fall — abortive 
recovery — second fall — recovery. The majority of 
the marrow cells are the ‘marrow cells proper’, the 
stem compartment (5x10!) is only 5% of the 
total population (10!*). Hence a temporary in- 
hibition of mitosis is sufficient to affect the multi- 
plying marrow cell population, as maturation (i.e. 
leaving the marrow) remains unaffected. This re- 
sults in the initial fall.On recovery from the mitotic 
delay the population number increases (‘abortive 
recovery’) but as a large proportion of cells will 
die after the first or second mitosis, this ‘abortive 
recovery’ is followed by a second fall in numbers. 
Only when the integer proportion of the stem cells 
have recovered will a full regeneration follow. 


The pathogenesis of polycythemia: A slow in- 
crease in the size of the stem compartment 
(‘benign tumour’) will increase red cell production, 
if — as postulated — erythropoietin removes a cer- 
tain fixed proportion. This would imply that there 
is a minimal level of erythropoietin production 
even in polycythemia. Furthermore a greatly in- 
creased stem-cell compartment (advanced case) 
may even stimulate erythropoietin production - 
explaining some of the cases of polycythemia 
with increased erythropoietin levels. Splenome- 
galy may be an indication of the increased stem 
compartment (? reticulum cells, ? blast cells) and 
therefore radiation of the spleen alone, but cer- 
tainly total body radiation or mustard treatment, 
by reducing the stem compartment size, may pro- 
duce prolonged remission. Massive venesection, 
by removing large numbers of stem cells (tempo- 
rarily increased erythropoietin level) also could 
produce remission. 


It would be too far-reaching to speculate on the 
pluripotentiality of the stem cells, i.e. chronic 
myeloid leukemia resulting from increased stem 
compartment stimulating a hypothetical ‘myelo- 
poietin’ (after an initial phase of polycythemia) — 
or to speculate that partial or complete loss of 
differentiating capacity (‘malignant’ change) may 
result in subacute (promyelocytic, or di Gug- 
lielmo) or acute (blast cell) leukemia. A great deal 
of experimentation is needed, but it is hoped that 
the model will offer itself for experimental testing 
and will suggest further experiments. With this it 
will have fulfilled its role of a useful model. 
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Erythropoietin and the Physiological 
Control of Erythropoiesis 


The concept that erythropoiesis is under hum- 
oral control dates from 1906, when Carnot & 
Défliandre reported that the red cell count of rab- 
bits was increased if the animals were injected 
with serum taken from rabbits which had pre- 
viously been made anemic by bleeding. Reiss- 
mann (1950) provided sound experimental support 
for this theory of hormonal control. He showed 
that if one member of a pair of parabiotic rats 
was made hypoxic, then the bone-marrow of both 
animals showed erythroid hyperplasia. In these 
experiments, oxygen lack could not have been the 
direct stimulus which affected the bone-marrow 
of both animals as the arterial oxygen saturation 
was normal in one member of each pair. This 
stimulation of a normal bone-marrow exposed to 
a normal oxygen tension could be explained by the 
presence of an erythropoietic factor in the plasma. 

Much of the experimental work on stimulation 
of erythropoiesis has been carried out in rodents 
so the extension of these studies to man and other 
primates was an important step. In 1954 Stohlman 
et al. described a patient with regional hypoxia in 
whom the upper limbs and sternal marrow re- 
ceived fully oxygenated blood, whilst the lower 
limbs and iliac marrow received blood with an 
oxygen saturation of only 62%. Bone-marrow 
from sternum and iliac crest was hypercellular and 
showed normoblast hyperplasia. Again, in this 
case, a hormonal factor was available to bone- 
marrow at both sites. The name erythropoietin 
has been given to this factor which produces stimu- 
lation of the erythroid marrow. Further evidence 
for its effect in primates was obtained by Van Dyke 
in 1960. He showed that injection of material ob- 
tained from the urine of an anemic human patient 
induced an increase in the circulating red cell 
mass of an adult monkey. In one monkey, treat- 
ment with erythropoietic material over a period 
of fifteen days resulted in an increase of 78% in 
the total circulating red cell volume. 

In general, it is found that severely anemic 
animals and humans have significant amounts of 
erythropoietin in their plasma and urine (Hodgson 
& Toha 1954, Van Dyke et al. 1957, Gordon 
1959). These are the main sources of the erythro- 
poietin which has been used for investigation and 
purification. The urinary material is less stable 
than plasma erythropoietin but at present there is 
little evidence to suggest that these two materials 
are not identical. A highly purified preparation of 
erythropoietin has been prepared from anemic 
sheep plasma (White et a/. 1957, White et al. 
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1960). This material gives an ultraviolet absorption 
curve typical of protein, it migrates as a single 
peak in free electrophoresis at pH 4-5 and at pH 
8-6, it has a molecular weight of about 39,000 and 
its biological activity is lost during treatment with 
trypsin or chymotrypsin. However, they present 
some evidence that this is not yet the pure hor- 
mone. Erythropoietin has been concentrated from 
the plasma and urine of anemic rabbits (Hodgson 
etal. 1958,Lowy, Keighley & Borsook 1958, Lowy, 
Keighley, Borsook & Graybiel 1958, Rambach 
et al. 1957, Rambach e¢ al. 1958). Here, too, the 
erythropoietic activity is associated with a muco- 
protein or polypeptide. It remains to be seen 
whether there are significant differences between 
the erythropoietins derived from different species 
and whether there is species specificity in respon- 
siveness to erythropoietin (Yoffey 1959, Gordon 
1960, Van Dyke 1960). 

The probable mechanism and site of action of 
erythropoietin has been considered by Dr Lajtha 
in the preceding paper. Administration of erythro- 
poietin to an intact animal results in an orderly 
sequence of events (Gordon et al. 1954, White et 
al. 1960). In the bone-marrow increased numbers 
of pro-erythroblasts and then normoblasts appear ; 
later, in the peripheral blood, there is a reticulocy- 
tosis and ultimately, in the normal animal, an 
increase in the total circulating red cell mass. Most 
methods of detection and estimation of erythro- 
poietin are based upon observation of these 
effects and depend on measurement of either he- 
moglobin synthesis or cell division and matura- 
tion. These parameters are not the same, and the 
various methods listed in Table 1 may measure 
one or a mixture of several biological activities. 
The measurements in most general use are in- 
crease in reticulocytes in normal rats or polycy- 
themic mice and incorporation of Fe into red 
cells of starved or polycythemic rats and poly- 
cythemic mice. In animals prepared by one of 
these methods, red cell formation and hemo- 


Table I 


Methods for detection and estimation of erythropoietin 
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globin synthesis are depressed and there is a low 
base line from which to measure stimulation of 
erythropoiesis (Jacobson et a/. 1960). I use a 
method which Dr Bangham and I have already 
described (Cotes & Bangham 1960). This is 
observation of stimulation of incorporation of 
59Fe into red cells of mice made polycythemic 
by exposure to air at half an atmosphere pressure 
for two weeks. We selected this method because 
the polycythemic animal is more sensitive than 
normal, it is a preparation which should measure 
the erythropoietic stimulus more specifically than 
a starved animal, and the animals have produced 
their own polycythemia by a _ physiological 
method which avoids the labour and cost of 
transfusion and may lessen immunological 
hazards. This system is at least as sensitive as 
other in vivo methods, but in common with them 
its sensitivity is poor. With small groups of ani- 
mals it is possible to detect a fourfold change in 
erythropoietic activity. 

The erythropoietin concentration in plasma and 
urine has been estimated by several investigators. 
The exact significance of the level of erythropoietin 
in plasma is uncertain for the level of erythro- 
poietin depends upon its rate of formation and 
upon the rate at which it is removed from the 
plasma; this latter is controlled by utilization or 
destruction and by urinary excretion. In plasma 
of normal human subjects, erythropoietin is 
present in very low concentration (Gurney et al. 
1957). Greatly increased amounts have been de- 
tected in plasma from most cases of anemia and 
from some cases with polycythemia (see Table 2). 
In an anemic subject, correction of the anemia is 
associated with a fall in the plasma level of 
erythropoietin. There is one group of patients in 
whom the plasma erythropoietin level is high 
and who have polycythemia secondary to renal 
disease or to a tumour. These tumours include 
hypernephromata, uterine fibromyomata and 
cerebellar hemangiomata. In cases where the 





Chief component of biological 


activity measured Measurement 
] Hemoglobin synthesis (a) Increase in total circulating 
hemoglobin 


(b) Increase ip incorporation of 
*°Fe into red cells 


(a) Increase in total number of 
circulating red cells 


2 Cell division and maturation 


(6) Change in the differential cell 


count of bone-marrow 


(c) Increase of stathmokinetic index 


in bone-marrow 


(d) Increase of **Puptake by DNA 


of hemopoietic tissue 


(e) Increase in reticulocyte count 


in peripheral blood 
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Occurrence of erythropoietin in human serum and plasma 


373 





Serum or plasma level of erythropoietin 


Data summarized by Gordon (1959) 
€ 


Source of serum or plasma 
Umbilical cord and infant blood 
Infants with erythroblastosis 


Adult, 24 hours after venesection (500 ml) 
After gastrointestinal hemorrhage 
Subject at high altitude (3,500 metres) 


Polycythemia rubra vera 
Secondary polycythemia 


Anemic subjects: 

Pernicious anemia 

Hypoplastic anemia 

Thalassemia 

Sickle-cell anemia 

Leukemia 

Hodgkin's disease with anemia 

Red cell aplasia and thymoma 

Paroxysmal nocturnal hemoglobinuria 

Chronic nephritis + 


Myeloid metaplasia with polycythemia 
Myeloid metaplasia with anemia 


Increased Notdetected Variedreports Increased 


Cotes & Prankerd 1960 
No. of cases e 
Not detected 


2 
1 
s 2 
if 1 
1 1 
. 2 1 
is 
4 





@ These values may be above or below the normal levels since normal levels are not detectable in these systems 
@I am grateful to Professor W S Peart who gave me the opportunity to study this patient 


plasma erythropoietin level was measured before 
and after removal of the tumour, after operation 
the erythropoietin level fell and there was regres- 
sion of the polycythemia (Jones ef 2’. 1960). 

We know little about the site or sites of pro- 
duction of erythropoietin. The kidney seems to be 
involved. Plasma from patients with uremic 
anemia does not show the high level of erythro- 
poietin which we consistently find in plasma from 
patients with other kinds of anemia of compar- 
able severity. And, with most assay methods, no 
erythropoietin is detectable in plasma from 
patients with uremic anemia. Osnes (1959), who 
studied mice with an irradiation nephritis, sugges- 
ted that there are two erythropoietins, one renal 
and the other non-renal in origin. He explains the 
anemia of renal disease by deficiency of the renal 
factor. Further evidence of renal involvement 
comes from studies of red cell formation and of 
erythropoietin formation in nephrectomized ani- 
mals. Experimental animals of different strains 
and species vary in their ability to tolerate neph- 
rectomy and this may account for the diversity of 
results obtained in different investigations. In 
nephrectomized rats exposed to hypoxia, Jacob- 
son found that the plasma erythropoietin level 
does not increase to the same extent as in normal 
animals (Goldwasser et al. 1958); this is in con- 
trast to a report from Mirand & Prentice (1957) 
who found that erythropoietin formation con- 
tinued after nephrectomy. In rabbits, neph- 
rectomy does not immediately abolish the ability 
to form erythropoietin although this ability later 
disappears (Erslev 1959). In dogs, nephrectomy 


greatly reduced red cell formation and Naets 
(1958, 1959) could not detect erythropoietin pro- 
duction in nephrectomized dogs after bleeding. 
The exact role of the kidney in erythropoiesis is 
still obscure and these experiments neither show 
us whether erythropoietin is formed in the kidney 
nor whether the presence of the kidney is essential 
for formation of erythropoietin at some other 
site or sites. 


There are many other gaps in our understand- 
ing of the control of erythropoiesis. We know 
little about the sensitive centres which set in 
motion the events which lead to secretion of 
erythropoietin nor do we know how erythro- 
poietin activates the bone-marrow. The physio- 
logical importance of a hormone which specifi- 
cally stimulates the production of one clone of 
cells is well recognized, it remains to be seen 
whether erythropoietin will become a_ useful 
therapeutic tool. 


Acknowledgments: 1 am grateful to Dr D R 
Bangham and to Dr T A J Prankerd for helpful 
discussions during the preparation of this paper. 


REFERENCES 
Carnot P & Déflandre C 

(1906) C. R. Acad. Sci. Paris 143, 384 
Cotes P M & Bangham D R 

(1960) Proc. I int. Congr. Endocrin. p 279 
Erslev A J 

(1957) J. Lab. clin. Med. 50, 543 

(1959) Ann. N.Y. Acad.Sci. 77, 627 
Garcia J F & Van Dyke D C 

(1959) J. appl. Physiol. 14, 233 
Goldwasser E, Fried W & Jacobson LO 

(1958) J. Lab. clin. Med. 52, 375 





374 Proceedings of the Royal Society of Medicine 


Gordon AS 
(1959) Physiol. Rev. 39, 1 
(1960) In: Ciba Foundation Symposium on Hemopoiesis, 
Cell Production and its Regulation. Ed. G EW 
Wolstenholme & M O’Connor, London; p 325 
Gordon A §, Piliero S J, Kleinberg W& Freedman H H 
(1954) Proc. Soc. exp. Biol. N.Y. 86, 255 
Gordon A S, Winkert J, Dornfest B S & Siegel C D 
(1959) Ann. N.Y. Acad. Sci. 77, 650 
Gurney C W, Goldwasser E & Pan C 
(1957) J. Lab. clin. Med. 50, 534 
Gurney C W & Pan C 
(1958) Proc. Soc. exp. Biol. N. Y. 98, 789 
Hodgson G, Perreta M, Yudilevich D & Eskuche I 
(1958) Proc. Soc. exp. Biol. N. Y. 99, 137 
Hodgson G & Toha J 
(1954) Blood 9, 299 
Jacobson L O, Goldwasser E, Pizak L F & Fried W 
(1957) Proc. Soc. exp. Biol. N. Y. 94, 243 
Jacobson L O, Gurney C W & Goldwasser E 
(1960) Advanc. internal Med. 10, 297 
Jones N F, Payne R W, Hyde R D & Price TM L 
(1960) Lancet i, 299 
Linkenheimer W H, Grant W C, Berger H & Hali R H 
(1959) Proc. Soc, exp. Biol. N. Y. 100, 225 
Lowy P H, Keighley G & Borsook H 
(1958) Proc. Soc. exp. Biol. N. Y. 99, 668 
Lowy P H, Keighley G, Borsook H & Graybiel A 
(1958) Nature, Lond. 181, 1802 
Matoth Y & Ben-Porath E 
(1959) J. Lab. clin. Med. 54, 722 





16 


Matoth Y, Biezunski N & Szabo G 
(1958) J. Lab. clin. Med. 51, 420 
Mirand E A & Prentice T C 
(1957) Proc. Soc. exp. Biol. N. Y.96, 49 
Naets J P 
(1958) Nature, Lond. 182, 1516 
(1959) Nature, Lond. 184, 371 
Osnes S (1959) Brit. med. J. ii, 650 
Pizak L F, Fried W, Jacobson L O & Bethard W F 
(1955) J. Lab. clin. Med. 46, 671 
Rambach W A, Alt H L & Cooper J A D (1957) Blood 12, 1101 
Rambach W A, Shaw R A, Cooper J AD & Alt HL 
(1958) Proc. Soc. exp. Biol. N. Y. 99, 482 
Reissmann K R (1950) Blood 5, 372 
Rosse W F & Gurney C W 
(1959) J. Lab. clin. Med. 53, 446 
Smith H (1961) Nature, Lond. (In press) 
Stohiman F Jr, Rath C E & Rose J C 
(1954) Blood 9, 721 
Van Dyke D C (1960) In: Ciba Foundation Symposium on 
Hemopoiesis, Cell Production and its Regulation. 
Ed. G E W Wolstenholme & M O’Connor, London; pp 364, 397 
Van Dyke D C, Garcia J F & Lawrence J H 
(1957) Proc. Soc. exp. Biol. N. Y.96, 541 
White W F, Egan R, Schlueter R J, Weber G F & Goldwasser E 
(1957) Semiannual report to the Atomic Energy Commission, 
Studies on erythropoiesis. Ed. L O Jacobson, Chicago; p 130 
White W F, Gurney C W, Goldwasser E & Jacobson L O 
(1960) Recent Progr. Hormone Res. 16, 219 
Yoftey J M (1959) In: The Kinetics of Cellular Proliferation. Ed. 
F Stohlman Jr. New York; p 363 





Books recently presented 


and placed in the Society’s library 


(Continued from p. 190) 


Edwards LB & Palmer C E 

BCG vaccination: studies by the WHO 
Tuberculosis Research Office, Copenhagen 
pp 307 

Geneva: World Health Organization 1953 


Ellis R WB 

Disease in infancy and childhood 

pp 714 55s 

Edinburgh & London: Livingstone 1960 


Franklin A W ed 

The care of invalid and crippled children 
pp 158 8s 6d 

London: Oxford University Press 1960 


Garrison F H 

A medical bibliography. Revised by 
L T Morton 

pp 412 

London: Grafton 1943 


Gillis L 

Amputations 

pp 523 84s 

London: Heineman 1954 


Golden R 

Roentgen-ray examination of the digestive tract 
pp 267-350 

Edinburgh &c: Nelson 1949 

Goodfield G J 

The growth of scientific physiology 

pp 174 18s 

London: Hutchinson 1960 


Gotaas HB 

Composting: sanitary disposal and reclamation 
of organic wastes 

pp 205 25s 

Geneva: World Health Organization 1956 


Gustafson A G 

A morphologic investigation of certain variations 
in the structure and mineralization of human 
dental enamel 


pp 112 
Goteborg: 1959 


Hackett C J & Loewenthal LJ A 
Differential diagnosis of yaws 

pp 88 17s 6d 

Geneva: World Health Organization 1960 

















11 


Volume 54 May 1961 375 


Section of Neurology 


President W H McMenemey MD FRCP 





Stereotaxic Surgery in Parkinsonism 


by F John Gillingham MBE MB FRCs (Edinburgh) 


The original hypothesis of Russell Meyers (1942) 
that destruction of the pallidofugal fibres would 
relieve tremor and rigidity in parkinsonism has 
now been largely accepted. His original open- 
operative transventricular approach, inserting a 
coagulating electrode into the globus pallidus 
through the lateral wall of the third ventricle was, 
however, a formidable and hazardous procedure. 
It was followed by the sub-frontal route of 
Fénelon & Thiébaut (1950), in which the electrode 
is inserted upwards into the lobus pallidus above 
the posterior part of the optic tract. This was a 
marked advance in surgical therapy and later 
Guiot & Brion (1953) published a series of cases 
treated in this way with good results. Nevertheless, 
open-operative surgery, carried out of necessity 
under local anesthesia, is exacting for the patient, 
and other methods, including sterotaxic surgery, 
were being explored with promise. 

During the latter half of the nineteenth century 
physiologists were investigating cerebral and 
spinal function in animals by means of small de- 
structive lesions, the knife being guided by a 
simple directing sterotaxic apparatus which by 
1920 had been developed to a considerable de- 
gree of precision by Horsley and Clark. In 1947 
Spiegel et a/. published their paper on the use of 
stereotaxic apparatus in man for the treatment of 
psychiatric disorders, and it was modelled closely 
on that of Horsley and Clark. Now, thirteen years 
later, many different types of apparatus have been 
developed, some complex, others simple. Never- 
theless, for the localization of the invisible deep 
ganglia of the brain, all of them rely on the visuali- 
zation of neighbouring structures which bear a 
reasonably constant relationship to them. These, 
namely the anterior and posterior commissures, 
are shown either by air encephalography or posi- 
tive contrast Myodil ventriculography or a com- 
bination of the two. 


Meeting December I 1960 


Stereotaxic Surgery in 
Neurological Disease 


The study and evolution of the surgical treat- 
ment of parkinsonism in Edinburgh began in 
March 1955 by a team made up of a neurosurgeon, 
neurologist, radiologist and psychologist. From 
it we have been able to determine, over a period of 
five-and-a-half years, the effect of electrocoagu- 
lation lesions in the globus pallidus, internal 
capsule, and thalamus, separately or in com- 
bination. Each patient was systematically assessed 
by the team before, during, and after operation, 
with an extended follow-up. The site and extent 
of the lesions made were calculated from operative 
and post-operative X-ray studies and plotted on 
stereotaxic anatomical charts. Thus the clinical 
results and any side-effects have been correlated 
with the site and size of the lesions. 

In all 131 patients have been treated in this way 
in five and a half years, 28 bilaterally. The first 60 
patients were unselected but for an upper age 
limit of 65, and a detailed assessment of the re- 
sults has been reported elsewhere (Gillingham ef 
al. 1960). In the last 71 there has been limited 
selection in that we rejected those who were bed- 
or chair-ridden and those who showed a marked 
degree of akinesis or mental deterioration. The 
upper age limit of 65 was retained. 

The stereotaxic procedure used was that of 
Guiot (1958) with elaboration of the original 
apparatus and its method of application. We were 
impressed by its accuracy and relative simplicity 
in use, and that a thalamic, capsular or pallidal 
lesion could be made separately or in combination 
with only one track of the electrode. Many 
patients with parkinsonism are easily exhausted 
and tolerate long operations poorly. In our ex- 
perience the sitting-up position is complicated in 
older and very disabled patients by a serious 
tendency to hypotension. Consequently the tech- 
nique was modified early on so that operation 
was carried out in the prone position, and there 
have been no such difficulties since. It is important 
to have the patient’s full co-operation during 
operation so that the results of low voltage bi- 
polar stimulation and of small reversible lesions, 
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Fig | The elaborated form of the Guiot stereotaxic 
apparatus 


together with any side-effects, may be observed. 
We have, therefore, favoured local anesthesia 
rather than light general anesthesia and subse- 
quent waking of the patient during the procedure. 
Comfort of the patient is essential and one of the 
advantages of the Guiot apparatus is that the 
head is not immobilized (Fig 1). 

The lesions were made by electrocoagulation 
using standard diathermy apparatus, aiming to 
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create an accurately placed lesion as small as 
would be compatible with maintained relief of 
symptoms, Autopsy studies in 4 cases (Maloney 
1959) have shown that the lesions are discrete and 
well sited, apart from one early in the series. They 
were variously sited. In the first group, they 
were made between 17 mm and 15 mm from the 
mid-line in the globus pallidus and adjacent in- 
ternal capsule. Reappearance of rest-tremor, al- 
though rigidity remained absent and facility was 
maintained, made us consider the use of the 
thalamic lesion suggested by Hassler (1957) for 
the relief of tremor. Consequently lesions were 
made in the ventrolateral nucleus of the thalamus 
next to the capsule. Follow-up showed that tremor 
was better controlled but rigidity in these patients 
tended to recur. As a result in a third group com- 
bined ipsilateral lesions were made in the thalamus 
and globus pallidus adjacent to the capsule. This 
method seemed to be the most effective of all for 
relief of tremor and rigidity in the contralateral 
limbs and improvement of general condition. 
We were impressed that most of these lesions 
encroached upon the internal capsule to a greater 
or less extent, and in our last 22 patients the lesion 
has been deliberately sited in the posterior limb of 
the internal capsule between the thalamus and 
globus pallidus (Fig 2). Marion Smith (1960) has 
shown in a series of autopsy studies that some 
effective operative lesions, although misplaced, 
encroach upon or actually involve the internal 
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Fig 2 Capsular lesion shown on sagittal section ( x 4) 16 mm from the mid-line (Schaltenbrand & Bailey 1959). 
Complete loss of tremor and rigidity without deficit 
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Fig 3 Capsular lesion as in 
Fig 2 on a horizontal section 
(x 4) 2 mm above the inter- 
commissural plane (Schalten- 
brand & Bailey 1959) 





Figs 2 and 3 are adapted from 
‘Introduction to Stereotaxis 
with an Atlas of the Human 
Brain’, in 3 vols, ed 
Schaltenbrand & Bailey; 
George Thieme Verlag, 
Stuttgart, and Grune & 
Stratton, New York (1959), 
by kind permission 








capsule, yet may not create significant neurologi- 
cal deficit. Completeness of relief in our patients 
was considered to be due to strategic and effective 
interruption of the thalamo-pallidal connections, 
that is the two major groups of pallidofugal fibres, 
the ansa lenticularis and the fasciculus lenticularis, 
and of the wider connexions of these ganglia with 
the reticular formation, subthalamic nucleus, cere- 
bellum and red nucleus. Is, then, the most effective 
point of interruption of these fibres in the pe sterior 
limb of the internal capsule? 

Almost all our patients have shown some im- 
provement, some dramatically. The degree and 
duration of improvement seems to be dependent 
upon an accurately sited lesion of adequate size, 
and upon the degree of severity of the symptoms 
and the rapidity of the patient’s deterioration at 
the time of operation. About 90% of this group 
of 131 patients have had tremor or rigidity signifi- 
cantly reduced or abolished. Morbidity has been 
reduced as compared with that in the initial series 
of 60 patients, and there was still no immediate 
mortality from operation. Six patients died be- 
tween three and fifteen months of operation; one 





from coronary thrombosis, one from broncho- 
pneumonia, one from the effects of ventricular 
hemorrhage at operation, one from suicide, one 
from the uncontrolled progress of the disease and 
one from an undetermined cause. 

I have purposely spoken of improvement, for 
there are some symptoms which we find difficult 
to eliminate, more particularly the festinant type 
of gait, the reduced voice volume, excessive sali- 
vation and oculogyric crises. It is of the utmost 
importance to point out to our patients and their 
relatives what we may be able to achieve. Never- 
theless we can help them, sometimes a great deal 
and sometimes surprisingly so. Some report a 
complete relief of intractable pain from muscular 
rigidity often diagnosed as rheumatism, sacro-iliac 
strain, or lumbar disc protrusion; others the 
abolition of transient disturbances of conscious- 
ness, and some the restoration of concentration. 

There has always been the fear that bilateral 
pallidal or thalamic lesions cannot be achieved 
without serious morbidity, mainly affective in 
type. In our 28 patients treated bilaterally — some 
with bilateral lesions in the pallidum or thalamus — 





378 Proceedings of the Royal Society of Medicine 


no serious or permanent deficits have followed 
except in two early cases in the series, both with 
large lesions inaccurately placed. Most of these 
patients had an interval of three to six months 
between their operations. However in one, be- 
cause of severe intractable pain from rigidity, 
bilateral lesions of the pallidum were made within 
ten days of each other. He was dramatically im- 
proved and showed no deficits. From a chair life, 
he was able to walk and became almost fully inde- 
pendent. It is now our practice to decrease the 
time between bilateral capsular operations. Origi- 
nally six months, it is now one month in some 
cases and in some of these patients festination 
appears to be improved more than hitherto, and 
in some the frequency of oculogyric crises has 
been reduced. 

It seems possible, by creating small strategically 
placed lesions, to perform bilateral operations on 
the pallidum or thalamus with less morbidity than 
was at first feared. However, we must review this 
group of patients carefully over a long time 
before firm conclusions can be reached. Bilateral 
procedures cannot be considered in those patients 
who show widespread effects of their disease. 

Finally, the question which poses itself above 
all others — can we slow the speed of deterioration 
or even halt this relentlessly progressive disease? 
There seems to be some evidence after five-and-a- 
half years that we may be able to do so. Are we 
then dealing with a ‘firing’ lesion similar to that 
in epilepsy ? We know that the successful excision 
of an epileptogenic focus not only relieves epilepsy 
but improves deteriorating affect and intellectual 
performance (e.g. hemispherectomy in infantile 
hemiplegia with intractable epilepsy and behaviour 
disorder). If patients with parkinsonism are 
treated adequately and early enough by surgery, 
although we may not yet be able to destroy the 
unknown source of the abnormal electrical im- 
pulses, we may be able to block them strategically. 
Thus we may prevent the widespread effects of 
the disease and slow or even halt its progres- 
sion. 

Stereotaxic surgery as a therapeutic weapon has 
undoubtedly much to offer, and its potential in 
the field of investigation of the underlying path- 
ological processes involved in parkinsonism and 
other dyskinesias and in the furtherance of under- 
standing of human neurophysiology is great. 
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Stereotaxic Surgery and 
Involuntary Movement 


by IR McCaul Ms Freps (London) 


Most of the stereotaxic procedures which I have 
undertaken during the past five years have been 
for relief of the rigidity and tremor of parkinson- 
ism. I have a small series of 10 cases in which a 
similar procedure has been carried out for other 
types of involuntary movement. This series is a 
small one but I hope that my experiences, added 
to those of others, will help to broaden the field of 
stereotaxic surgery. 

At the present time, practically all who practise 
stereotaxis in man identify the appropriate part of 
the brain by reference to recognizable points on 
the wall of the ventricular system, outlined — at 
least in part — on a radiograph, by air or positive 
contrast. From such landmarks a target is plotted 
on an X-ray film. The first stage of the operation 
has now been completed. If there is to be an ulti- 
mate error in localization, this may already have 
been made. Various types of mechanical aid enable 
the second stage to be carried out with perhaps 
greater or less facility, but it should be noted that 
stereotaxic instruments do no more than allow a 
cannula or electrode to be directed into the brain 
in such a way that the tip, if a further radio- 
graph is taken, is found accurately to coincide 
with the pre-determined target. 

The final stage, that of making a discrete de- 
structive lesion in the brain, is preceded in some 
cases by an attempt to check the assumption that 
the radiological and anatomical targets are 
identical. Such are the fundamental steps in 
stereotaxic operations. Each step may be achieved 
by different surgeons in different ways, but the 
potential error in plotting the target always 
remains. 

My own technique has been described in detail 
elsewhere (McCaul 1959) and I propose, therefore, 
to present merely an outline stressing only certain 
features which bear on operative intervention in 
some of the dyskinesias. 
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For the past three years my target has been a 
thalamic one except in one case in which both 
pallidal and thalamic lesions were made. The 
radiological reference point on a lateral film was 
at first the mid-point of a line drawn from the 
centre of the foramen of Monto to the anterior tip 
of the pineal. This reference was later changed toa 
point 3 mm above the mid-intercommissural 
point, allowing for X-ray magnification. The two 
points are identical in the great majority of cases 
but the latter reference is more useful when re- 
ferring to a brain atlas. In antero-posterior pro- 
jection the distance from the mid-line has varied, 
depending on the size of the ventricular system. 
The target has been the same irrespective of 
whether the operation has been for parkinsonism 
or otherwise. Choice of one form or another of 
stereotaxic apparatus is a personal matter. 

The instrument which I use is essentially a 
cannula or electrode guide which can be locked 
in any position. A directing rod can be fitted into 
the guide and a radio-opaque marker scale is con- 
structed so that it can be made to touch the 
directing rod in any plane. The whole instrument, 
which is relatively small, is rigidly fixed to the 
skull by one screw fitting, which fits a burr hole 
made with a 16 mm Hudson burr. The whole 
operation is carried out under local anesthesia 
with the patient lying down. The instrument is 
inserted at any convenient point, the position 
depending on the direction from which one wishes 
to approach the target. Most of my patients are 
operated on in the supine position and I use a 
point on the skull near the coronal suture and far 
enough laterally to avoid the ventricular system. 
The directing rod is aimed roughly at the target 
and X-ray films in two planes are taken. A line 
drawn on them from the target through the 
centre of rotation of the electrode or cannula 
guide indicates on the marker scale in each plane 
where the directing rod should be in order that 
the guide points directly at the target. 

The depth to which the coagulating instrument 
must be inserted is found by calculating the mag- 
nification factor from a rod of known length in- 
serted short of the target. A refinement suggested 
by Dr John Bates — namely that a short distance 
of the rod nearest to the target should be used — 
has been adopted and a distance of 2 cm from 
the lower end, therefore, is indicated on the rod 
by a radio-opaque marker. 

After introduction of a cannula or electrode two 
further radiographs are taken. There must be no 
question of magnifying a potential error in plot- 
ting the target by inaccuracy at this stage. 

I am uncertain about the validity of obser- 
vations following the making of a presumed re- 
versible lesion in which an electrode, cannula or 
probe is withdrawn from the target area and 
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reinserted into an adjacent area of brain after a 
relatively short time. I make my definitive lesion 
on the radiological target, except on a few occa- 
sions when stimulation has indicated that the 
internal capsule is very close. 

At present I make a destructive lesion by elec- 
trocoagulation, but my previous practice, and 
the one used in this series of cases, was the in- 
jection of the alcohol-ethylene cellulose mixture 
introduced by Cooper (1956) thickened to the 
consistency of a paste by the addition of kaolin. 
This paste was injected very slowly indeed, the 
amount used depending on the effect on involun- 
tary movement. 


Surgery of Choreiform Movement 

A detailed report on the following case of hemi- 
ballismus is already available (Martin & McCaul 
1959). [A film of the patient was shown]. The 
patient was not a good candidate for surgery. She 
was 72 years of age, a diabetic with arterial 
hypertension; she had recently been in cardiac 
failure. A decision to treat her conservatively had 
to be reversed when she began once again to show 
signs of cardiac decompensation. Four weeks 
after the onset of ballism a destructive lesion was 
made in the ventrolateral thalamus by the in- 
jection of alcohol paste. The result was satis- 
factory and as far as the patient was aware she 
had no neurological deficit. When seen last, a 
year after operation, there had been no return 
of involuntary movement, but there was still a 
tendency for her to carry the previously affected 
upper limb slightly abducted at the shoulder and 
flexed at the elbow. 

In another patient with hemiballismus it was 
noticed that on the injection of paste into what 
was thought to be the ventrolateral thalamus a 
reduction in the force and amplitude of involun- 
tary movement was accompanied by an increasing 
paresis in the appropriate lower limb and the pro- 
cedure was therefore stopped. On radiological 
grounds the site of the lesion appeared satis- 
factory. At a later date the ballism was stopped 
immediately on making a further lesion but this 
time using a pallidal target. 

These two results seem to indicate that the 
findings of Carpenter et al. (1950), that subthala- 
mic hyperkinesia in the Rhesus monkey can be 
abolished by either a pallidal or thalamic lesion, 
also apply to man. I have two further patients in 
whom unilateral chorea of a chronic type was 
abolished by means of a thalamic lesion. 

In all cases with choreiform movement, the 
amount of alcohol paste injected in order to ob- 
tain the desired result was much greater than that 
necessary for the relief of the tremor and rigidity 
of parkinsonism. Whether this means that pallido- 
fugal section must be more complete or whether 





380 Proceedings of the Royal Society of Medicine 


destruction of other fibre tracts or nuclei is neces- 
sary, I do not know, but I suspect the former 
suggestion is more likely to be correct. 

Before adopting the alcohol paste technique I 
obtained unimpressive results in cases of Hunting- 
ton’s chorea, dystonia musculorum and spas- 
modic torticollis. The lesions were made by elec- 
trocoagulation and in retrospect may well have 
been too small. 

Injection of up to 1 c.c of alcohol paste is a 
benign procedure but the use of larger quantities 
is not devoid of risk. Furthermore, although a 
small quantity will assume a globular shape within 
the brain, larger amounts tend to follow the path 
of least resistance, which in this case is along the 
outside of the cannula used for injection, and a 
pear-shaped lesion results, the centre of which is 
not necessarily at the cannula tip. I have aban- 
doned this method and have reverted to electro- 
coagulation. In cases in which a combined pallidal 
and thalamic lesion prove insufficient, I am pre- 
pared to enlarge the thalamic lesion at a second 
procedure after an interval of a few days. 

I can confirm the claim by Cooper (1960) that 
intention tremor can be significantly reduced by a 
ventrolateral thalamic lesion. I do not agree, how- 
ever, with the suggestion that such a result is due 
to interruption of cerebellothalamic fibres, some 
of which have already been damaged by disease. 
The experimental work of Carpenter & Stevens 
(1957) on the deep cerebellar nuclei and brachium 
conjunctivum would suggest that a more enduring 
ataxia and asynergia might be expected from such 
a lesion. That this does not in fact happen when 
section of the tract is carried out at a thalamic 
level suggest that for the relief of intention tremor, 
just as for that of parkinsonism and other types 
of involuntary movement, some limitation of 
pallidal outflow is necessary. 
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Stereotaxic Procedures for the 
Relief of Pain 


by John Hankinson Frcs (Newcastle upon Tyne) 


The classical operations for the reliefof chronic 
pain frequently yield satisfactory results but their 
shortcomings are familiar. They are ineffective at 
times, either because of the situation of the pain 
or by reason of its peculiar, apparently ‘central’ 
nature. On the one hand spinothalamic cordotomy 
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has been performed at increasingly rostral levels - 
dorsal, cervical, medullary and mesencephalic — 
with increasing operative mortality and liability 
to post-operative paresthesie. On the other 
hand various operations have been devised, par- 
ticularly on the trigeminal nerve, to avoid trouble- 
some paresthesie or in an attempt to deal with 
atypical facial neuralgias. 

It was not, therefore, surprising that the oppor- 
tunities provided by the stereotaxic method of 
producing lesions should be applied to the prob- 
lem of chronic pain. Cases of ‘thalamic pain’ and 
intractable facial pain were early operated on by 
Spiegel & Wycis and David, Talairach and their 
co-workers. Wycis et al. (1958) have reported 
a number of such operations including lesions in 
the spinothalamic tract in the mesencephalon, in 
the nucleus ventralis posterolateralis, and a com- 
bination of mesencephalotomy with lesions of the 
dorsomedial nuclei. 

Previously, in 1949, in treating thalamic pain 
Hécaen, Talairach, David and Dell combined 
lesions in the centre médian with those in the 
nucleus ventralis posterolateralis or medialis. 
There have since been reports of series of similar 
cases from Hassler & Riechert (1954) and recently 
an account of lesions in the ventral posterior 
thalamus in patients suffering from terminal 
cancer by Mark et a/. (1960) of Boston and in the 
upper mid-brain by Mazars et al. (1960) of Paris. 

Talairach et al. (1960) were able to modify ab- 
normal sensations (e.g. painful phantom limbs) 
by varying the frequency of stimulation and by 
producing lesions in the thalamocortical pro- 
jections. 

The conclusions which can be drawn from these 
reports, from personal communications and from 
one’s Own experience, can be summarized as 
follows: . 

(1) The actual position of lesions has been con- 
firmed by autopsy too infrequently to justify 
speculation on the theoretical implications. 

(2) Pain of the thalamic syndrome has responded 
to treatment best. 

(3) Thalamic pain is not caused by lesions in the 
nucleus ventralis posterior but may result 
from lesions in the mesencephalon caudal to 
the thalamus. 

(4) The period of relief even in terminal cancer 
may be marred by paresthesiz. 

(5) Therefore, certainly for nonlethal chronic in- 
tractable pain, high spinothalamic lesions are 
to be avoided, and it seems that lesions of the 
specific ventroposterior nuclei need to be 
supplemented by lesions at some point in the 
diffuse, non-specific pathways. 

This view is based on the demonstration by 
Glees & Bailey (1951) and by Bowsher (1957) and 
others of the termination of the spinothalamic 
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tract. The striking fact is the small proportion of 
these fibres finally to reach the specific sensory 
nuclei, compared with the much greater contri- 
bution from the medial lemniscus. As regards 
those pains which appear to be of central origin, 
their relationship with the diffuse spinoreticulo- 
thalamic system seems likely and in particular with 
the centre médian. The practical question is then 
a quantitative one: What amount of damage will 
be tolerated in a system upon which it seems con- 
sciousness is dependent? This problem requires 
a technique for the gradual increase in size of 
lesions. By the commonly used methods of lesion- 
production the size of the immediate functional 
lesion is larger than the final definitive lesion and 
it is only by a series of increments, at present by 
means of a suitable indwelling electrode, that one 
could imagine a safe and large enough lesion 
could be produced. It may be that a much better 
solution will be found in the use of the proton 
beam or of ultrasonics. 

The attack on the diffuse reticulothalamic 
system is at present made at either the mesen- 
cephalic level by lesions placed medial to the 
spinothalamic tract or by lesions in centge médian. 
Thalamic lesions appear to be potentially less 
dangerous, but further experience is needed. 

I have performed ten stereotaxic operations for 
pain on 8 patients, using Leksell’s stereotaxic in- 
strument. In addition I have recorded from the 
nucleus ventralis posterior, as I shall describe, in 
cases of Parkinson’s disease before making a 
lesion in the nucleus ventrolateralis for tremor and 
rigidity as I approach it posteriorly. Of the 
patients, two operated on for thalamic pain have 
done well for two years and sixteen months. One 
of these is described below (Case 1). One case of 
ophthalmic division for post-herpetic neuralgia has 
improved, although with some paresthesia. A 
patient with atypical facial pain, uninfluenced by 
total retrogasserian neurectomy, was completely 
relieved for 4 weeks and pain then recurred. 
A case of tabetic lightening pains is also described 
below (Case 2). Of two cases of carcinoma, one 
died after three months’ freedom from pain; but 
the other, after three weeks, was much worse than 
before operation because of severe paresthesie 
over the anesthetic side of her body. A patient 
with intercostal neuralgia following thoracoplasty, 
was relieved for a few days, apart from a feeling 
of numbness, but the pain then returned. 


Case Reports 

Case 1 A woman aged 59 who, following a stroke two 
years before, had suffered sensory disturbances of the 
type known as ‘the thalamic syndrome’. The greater 
part of her hemiplegic side was hypalgesic but in three 
sites she was severely hyperalgesic and reacted violently 
to the slightest stimulation. These areas were the pal- 
mar surface of the left hand and fingers, the skin 
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around the left eye and a narrow band on the chest 
wall. She also had an irregular tremor of the hand and 
arm of coarse amplitude which caused her much 
annoyance. I have operated three times on this woman. 
On the first occasion stimulation at a target point cal- 
culated to lie at the junction between n. ventralis pos- 
terior medialis and lateralis immediately and quite 
convincingly reproduced the pain. Stimulation else- 
where gave little response. (I have noticed this on 
three occasions — the thalamus responds very readily 
to produce long-standing central pain.) Two small 
lesions were made on either side of n. ventralis pos- 
terior medialis i.e. involving centre médian medially 
and n. ventralis posterior lateralis laterally. This gave 
her almost complete relief apart from some residual 
pain on stimulation of the tips of the three middle 
fingers. This was not complained of until about a 
week after the operation and she was delighted with 
the result. After a few weeks the pain in the fingers 
was troubling her again and so I operated on her a 
second time making a somewhat larger lesion in n. 
ventralis posterior lateralis and also a second lesion 
anteriorly in n. ventralis lateralis. This abolished the 
abnormal movements and reduced the hyperpathia in 
the fingers, but she still had this complaint at the very 
tips of the middle and index fingers. She was completely 
undisturbed by the pain for almost exactly a year when 
she developed a painful swollen left leg (the hemiplegic 
side) which was diagnosed as a femoral thrombosis. 
The same night all her original symptoms returned and 
remained as severe as ever for a month until I coagu- 
lated more medially than before in the centre médian. 
Again she has no pain at all and delights to demon- 
strate this by vigorously rubbing the hand which pre- 
viously she dared not touch. 


Case 2 A man suffering from widespread lightning 
pains of tabes dorsalis, gave most interesting responses 
to stimulation, but unfortunately his peripheral sensory 
system was so disorganized as to make subsequent 
evaluation of the sensory loss from the thalamic lesions 
unsatisfactory. (Stimulation along the length of the 
medial edge of the posterior limb of the internal cap- 
sule produced sensory responses in anatomical 
sequence. Thus in this case sensory effects were 
obtained both in nuclei and in fibres oriented almost 
at right angles to each other.) 

Almost a year later he stated that the attacks of pain 
are as bad as ever on the right but do not now trouble 
him on the left side of his chest and are much reduced 
in the left leg. He also had a bilateral familial tremor 
which has disappeared on the left side since operation. 


It is impossible to make such lesions by the 
anatomical and radiological methods of stereo- 
taxic surgery alone; it is necessary to employ 
physiological means cf localization by stimu- 
lation and recording. Part of the operation must 
therefore ge performed under local anesthesia ; or 
indwelling electrodes can be used and appear to 
have much in their favour. 

Apart from localization of the electrode point 
we have had two objects in view to stimulating 
and recording during these procedures. First, we 
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hope to be able to clarify the question of topo- 
graphical localization of the neuronal relay sys- 
tems in the human posterc-ventral and centre 
médian groups of nuclei; and secondly, to use this 
information to make lesions limited as far as 
possible to the affected parts of the body. Detailed 
recordings in animals from the thalamic nuclei 
have been described by Mountcastle & Henne- 
man (1949), Rose & Mountcastle (1959), Hunt 
& O’Leary (1952) and by Gaze & Gordon 
(1955). The recording technique is an adaptation 
to man of the small electrode-recording methods 
used with animals. Recording has been carried 
out on eight occasions using chiefly bipolar elect- 
trodes made of No 44 swe insulated steel 
wires passed through a fine needle, with the tip of 
one wire lying 0-5 mm in front of the other. The 
wires are cut square, their exposed tips being 
approximately 60u in diameter and the insu- 
lation of their shafts is undisturbed. The electrode 
holder is controlled by a micrometer attachment 
and can be advanced at intervals of 10u. The 
electrodes, similar to those used by Jasper in 
animals, are fed into a Marconi EEG machine 
and displayed on a cathode ray oscilloscope. 

Three slides illustrating the results obtained 
with this technique were then shown: The first 
slide showed spontaneous spike discharges occur- 
ring in groups, separated by intervals of 0-25 to 2 
seconds. The second slide also showed grouping of 
spontaneous spike discharges from another 
patient. In the third slide the responses to tapping 
with the finger on the dorsum of the patient’s left 
hand and the absence of response to tapping the 
left foot were seen. This response, which was local- 
ized to the dorsum of the left hand and forearm, 
consisted of a spike followed by a positive wave 
of duration 100 to 300 msec. Ipsilateral responses 
are sometimes obtained. Thus localized responses 
similar to those recorded in the cat and monkey by 
Mountcastle & Henneman (1949) can be ob- 
tained consistently by this technique. The main 
difficulty is the needle, its handling, sterilization 
and insertion undamaged into: the brain by the 
stereotaxic instrument. Light general anzsthesia 
seems to give better results than local anesthesia. 
At present we are working on the time relation- 
ships, which are essential in differentiating the 
polysynaptic pathways. 

Finally, the direction of this work seems to be 
towards a ‘leucotomizing’ effect, particularly in 
connexion with central pain and the diffuse 
‘spino-reticular-thalamic’ pathways — possibly a 
dysgnosia or asymbolia for pain. However, I 
would suggest that at this stage speculation could 
well await a firmer basis of fact. 
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Meeting November 3 1960 
at the National Hospital for 
Nervous Piseases Queen Square London 


The following cases were shown: 


General Paresis with Unilateral Involuntary Move- 
ments 
Dr K J Zilkha (for Dr J StC Elkington) 


Acute Ascending Myelitis 
Dr J D Carroll (for Dr Macdonald Critchley) 


Two Cases of Brain-stem Angioma with Unilateral 
Tremor 

Dr G S Wakefield (for Dr J StC Elkington and 
Dr S P Meadows) 


Bilateral Internal Carotid Occlusion with Mild 
Disability 
Dr Pamela Fullerton (for Dr R W Gilliatt) 


Internal Carotid Occlusion Demonstrated by 
Venous Aortography 

Dr R G Bannister and Dr R Murray-Leslie (for 
Dr Denis Brinton) 


Lead Poisoning with Muscle and Nerve Involve- 
ment in a Battery Grid-paster Treated with British 
Anti-Lewisite 

Dr LS Lange (for Dr S P Meadows) 


Abnormal Basilar Artery Producing Obstructive 
Hydrocephalus with Hypopituitarism or Pituitary 
Apoplexy 

Dr B M Philips (for Dr J H Paterson and Mr L 
Walsh) 
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Maydl’s Operation 
by D M Wallace Frcs (London) 


During the latter half of the nineteenth century, 
methods of urinary diversion were being studied 
both experimentally and clinically by numerous 
surgeons. Lloyd (1851), in a case of ectopia 
vesice, attempted to produce a fistula between the 
bladder and the rectum by means of a strangling 
suture; unfortunately the suture passed through 
the peritoneal cavity with disastrous, results. 
Simon (1851), in a similar case, passed a probe up 
the ureter and forced it into the rectum. Smith 
(1871) transplanted the ureters into the colon, 
Boari using a ‘button’ produced a vesicorectal 
fistula and Tuffier (1892) by a formal incision 
made a fistula between the trigone and the rectum. 
Maydl (1894), Peters (1901), Lendon (1906) and 
Moynihan (1906) all transplanted the trigone or 
parts of it either intra- or extra-peritoneally into 
the rectum. During this period the ileal conduit 
was also being attempted by Rutkowski of 
Cracow. 

Tuffier emphasized the importance of conser- 
vation of the ureteric sphincter mechanism in any 
anastomosis between the urinary tract and the 
rectum as a means of safeguarding the kidney 
against ascending infection. 

‘La fistulisation urétéro-rectale a été tentée par 
Simon, dont le procédé consiste a établir la fistule avec 
un stylet poussé dans l’uretére et perforant la paroi 
rectale, puis a lier l’orifice urétéral au-dessous de la 
communication. L’opération échoua, le malade mou- 
rut au septiéme mois. C’est un procédé aveugle, anti- 
physiologique et dangereux, puisqu’il laisse la porte 
ouverte a l’ascension microbienne. Toute opération qui 
ne ménage pas l’orifice urétéro-vésical, véritable 
sphincter, me parait a rejeter. Tout ce que j’ai vu 
expérimentalement et cliniquement m’a prouvé quel 
réle important, quoique puissent en dire Novarro et 
Bardenheuer, joue cet orifice pour la protection du 
rein. Aussi rejetterai-je l’opération de Thomas Smith, 
véritable greffe des uretéres dans le c6lon ascendant. 
Son résultat fut désastreux.’ 

Although Tuffier failed to appreciate that in 
cases of ectopia vesice the ureteric orifice was not 
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completely normal, he should receive credit for 
the appreciation that the normal ureterovesical 
mechanism, a true sphincter, is the best protection 
for the kidney against ascending infection. 

Tuffier incised the trigone and deepened the in- 
cision until he came to the wall of the rectum. He 
then constructed a fistula, bimucosal, between the 
bladder mucose and the rectum. Catheters were 
passed up the ureters and then down through the 
fistula to emerge at the anus. 

Maydl (1894), from his clinic in Prague, pub- 
lished the first account of trigonocolostomy. He 
gives credit to Tuffier for his concept of conser- 
vation of the ureterovesical junction. Maydl’s 
operation consisted of circumgising the trigone 
and transplanting it with the veSicle pedicles back 
into the redundant bladder. In a series of 97 cases 
there were 71 survivors. 

Peterson in 1901 describes an experimental 
method of transposing a square of trigone back- 
wards and anastomosing this square to the colon 
by means of a seromuscularsand then a mucosal 
stitch. Peritonitis would appear to have been the 
major danger in the Maydl operation. 

Peters of Toronto describes another operation 
which he performed in 1901. Lendon, of Adelaide, 
performed the same operation two months earlier 
but failed to write it up until 1906. 

Both these surgeons'transplanted ‘rosettes’ con- 
sisting of the ureteric orifices and the adjacent 
bladder wall into»the rectum extraperitoneally. 
Moynihan (1906) described a method of trans- 
planting the trigone as an ellipse extraperitone- 
ally into the rectum. (Fig 1.) 

During the first half of the twentieth century the 
relatively simple operation of ureterocolic trans- 
plantation was practised extensively. Latterly, 
however, it was realized that, irrespective of the 
method of anastomosis, a perfect ureterocolic 
anastomosis could not be guaranteed in every 
case. Stenosis or reflux can occur with any method 
of ureterocolic union. 

Where the lesion was one of incontinence, of 
defective control either due to irreparable damage 
to the external sphincter or to a vesicovaginal 
fistula which had failed to respond to repeated 
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Fig | Diagrammatic representation of different methods of trigonocolostomy, 1894-1961 


surgical attempts at repair, but where the uretero- behind the external meatus and the incision 
vesical sphincter was normal, it was felt that carried round lateral to the ureteric orifices, com- 
Tuffier’s suggestion for conservation of the ure- _ pleting an ellipse behind the interureteric bar. 


teric sphincter was worth re-appraisal. The rest of the bladder is then removed. The 
Four cases have been submitted to a modified _ peritoneal reflection to the right of the pelvirectal 

Maydl operation since 1957. junction & sectioned and the colon then falls for- 
The operation consists of a preliminary de- wards on to the trigone. 

functioning transverse colostomy. Two weeks A lateral incision is made in the colon and 


later the bladder is opened, the trigone sectioned ureteric catheters placed in each ureter for iden- 
tification (Fig 2). The trigone is 
then sutured in a single layer to 
the colon. The ureteric catheters 
are removed as the anastomosis is 
completed (Fig 3). 








Fig 2 Trigonocolostomy. Suture of posterior wall of Fig 3 Trigonocolostomy. Closing anastomosis 
bladder to left of pelvic rectal junction by suture of anterior aspect of trigone to the 
right of the incision in the pelvirectal junction 
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Case 1 Hysterectomy and vaginectomy following radium 


for carcinoma of the cervix: Bladder neck sloughed. 


Numerous attempts at repair failed. Completely in- 
continent for four years. No preliminary colostomy 
but routine bowel preparation. Trigonocolostomy 
followed by peritonitis. Transverse colostomy. Ure- 
thral leak closed from vaginal introitus. Colostomy 
closed. Now has complete control. 

Case 2 Obstetrical vesicovaginal fistula 1942: Five 
attempts at repair failed. Retropubic sling failed. An- 
terior Pacey repair failed. 1957: Two fistula present 
plus stress incontinence. Preliminary colostomy 
followed by trigonocolostomy. Now ha; complete 
control. 

Case 3 Obstetrical vesicovaginal fistula: Eight previous 
operations failed. After ten years still completely in- 
continent. Preliminary colostomy followed by trigono- 
colostomy. Now has complete control. 

Case 4 Incontinence following radium for carcinoma of 
the cervix: Plication of urethra, retropubic sling, sub- 
pubic sling had all failed. After ten years still incon- 
tinent. Preliminary transverse colostomy followed by 
trigonocolostomy. Fistula from urethral stump re- 
paired from vagina. Now has complete control. 


These patients have now been followed up for 
two to four years. There have been two brief ill- 
nesses, possibly due to renal infection, in the 
series. Intravenous pyelography in all 4 patients 
shows a normal anatomical outline of the upper 
urinary tract. 

Variations of electrolytes have been detected on 
routine estimations but there has been no clinical 
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on the first 3 cases 
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evidence of imbalance. The most significant vari- 
ations encountered are elevation of the chlorides 
and diminution of the alkali reserve in the blood 
(Fig 4). 


Although Tuffier’s concept and Maydl’s opera- 
tion may fail in ectopia vesice, where the ureteric 
orifices may be abnormal due to reflux or ob- 
struction at the ureteric orifices, the principle of 
conservation of a normal ureterovesical sphincter 
is sound. Although contraindicated in malig- 
nancy or vesical tuberculosis there may well be a 
place for Maydl’s operation, or a modification, in 
these cases of obstetrical trauma or incontinence. 
The protection afforded by a sphincter may con- 
serve renal function and the avoidance of an 
ileostomy is esthetically more satisfactory to 
younger women. 
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Trigonostomy [Abridged | 
by D E Sturdy Ms Frcs (London) 


The reason for failure of bladder inversion in 
extroversion is primarily the poor material the 
surgeon has to work on. The fibrotic bladder wall 
with a thickened or disorganized polypoid mu- 
cosa, together with an absence of the sphincter at 
the bladder neck, makes the reconstruction of a 
distensible and continent urinary chamber a diffi- 
cult, if not impossible, task. Many inversion 
operations also fail because of progressive dila- 
tation of the upper renal tract. This dilatation is 
perpetuated by a grossly impaired ureterovesical 
mechanism which is largely due to excessive fibro- 
sis around the intramural portions of the ureters 
and possibly to interference with nerve pathways 
in this region. The ureterovesical mechanism is 
also adversely affected by the horizontal direction 
of the intramural portion of the ureters in cases of 
bladder extroversion which destroys any of the 
sphincteric benefits which an oblique course 
through the bladder wall provides. 


Cutaneous Trigonostomy 

When examining bladder extroversion patients, I 
was impressed by the fact that the trigonal area 
looked healthy and smooth in sharp contradis- 
tinction to the rest of the bladder which was often 
small and contracted with a polypoid mucosa. 
These two parts of the bladder are different 
embryological derivatives and this may account 
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for the dissimilarity on clinical inspection. An- 
other possible reason for the preservation of the 
trigone in such good state is that it is buried deeper 
than the rest of the extroverted bladder and is 
continually bathed in urine so that it is less subject 
to trauma and desiccation. The trigone, therefore, 
seemed to me to be more nearly normal than the 
rest of the extroverted bladder. 

Many attempts have been made to fit an appli- 
ance to the bladder extroversion in situ. No suc- 
cesses have been claimed for such methods largely 
due to the facts that the area involved is often very 
wide, it lies flat on top of the pubes and does not 
project above the skin surface; there is no normal 
skin inferiorly for fixing such an appliance and 
the apparatus itself has necessarily to be large and 
cumbersome. Consequently any attempts at uti- 
lizing the bladder deformity for collection of urine 
have been doomed to failure. 

In view of the relative normality of the trigone 
I conceived the idea of utilizing this portion of the 
bladder for the collection of urine. By mobiliza- 
tion of the trigone and its transplantation to a 
higher level, bringing it out through a circular 
skin incision in the mid-line above the umbilicus, 
it was hoped that a satisfactory appliance could 
be fitted, as for a cutaneous ureterostomy. At the 
same time the transplanted trigone is made to pro- 
trude above the skin level thus making the collec- 
tion of urine easier. I propose calling this new 
procedure a ‘cutaneous trigonostomy’ or more 
simply a ‘trigonostomy’. The advantages of such 
an operation are as follows: 


(1) Itisa very simple and safe procedure requiring no 
special instruments or technical skill. 

(2) It removes the greater part of the extroverted 
bladder and for this the parents are extremely grateful, 
possibly because the result is more pleasing to the eye. 

(3) It does away with the constant wetting and skin 
excoriation of the perineal region and thighs and with 
the uriniferous odour which plagues these unfortu- 
nate patients. 

(4) The danger of an adenocarcinoma developing 
in the bladder mucosa is removed as these tumours 
rarely arise in the trigone. 

(5) There is no danger of ureteric stenosis as the 
actual ureteric orifices are not interfered with in 
any way. 

(6) There is only one abdominal stoma, whereas a 
bilateral ureterostomy involves two appliances. 

(7) The advocated method of ‘bunching’ the trigone, 
together with the natural tendency of the ureters to 
protrude in the form of nipples, raises the trigonostomy 
above the skin level and facilitates the collection of 
urine. 

(8) The trigonostomy lies on the waist line and this, 
together with the adequate bridge of skin which is left 
between the trigonostomy and the suprapubic region, 
makes the fitting of a watertight appliance simple. 

(9) The urine is collected in an ileostomy appliance 
bag and this is disposed of when convenient. 





4 


(10) By this technique all manipulations are extra- 
peritoneal and this is important when it is considered 
that the peritoneal cavity is kept clean for further surgi- 
cal intervention if necessary. This procedure in no way 
jeopardizes the prospects of further surgery as both 
ureters are left intact. 


The one important contraindication to the 
operation is the fact that these children are re- 
quired to wear an appliance thereafter, but this 
is not a great handicap to the patient and the 
parents are usually pleased with the arrangements 
once the initial idea of a trigonostomy is accepted. 


Proposed Scheme for the Initial Management of 
Extroversion of the Bladder 

For female patients with a capacious healthy 
bladder which is not fibrotic or protruding to any 
great extent and the mucosa of which is not ex- 
cessively polypoid, inversion should be attempted 
in the first year of life, ideally at 6 to 9 months. 
Inversion may be combined with a sling operation 
on the bladder neck and, if the gap in the recti is 
extensive, a pelvic osteotomy may also be advised 
as a preliminary procedure. About two-thirds of 
all female extroversion cases fall into this group 
and are suitable for inversion. 

For all male infants and that group of females 
who have a small, fibrotic, contracted or protu- 
berant bladder with unhealthy polypoid mucosa, 
a trigonostomy is advised. A pelvic osteotomy 
may also be performed in those cases in which 
there is a wide gap between the lower rectus 
muscles. 

If bladder inversion or trigonostomy fails, the 
surgeon will be in the happy position of having a 
normal trigone and ureters for the performance 
of further diversionary procedures. 


The Operation of Trigonostomy 

The ideal age for this procedure is 6 to 9 months. 
No particular pre-operative measures are neces- 
sary apart from the provision of grouped and 
cross-matched blood to cover the operation. 

If the separation of the rectus abdominis 
muscles is wide and the skin defect large, this 
operation may be preceded by a pelvic osteotomy 
(Lloyd-Roberts et a/. 1959), i.e. bilateral osteo- 
tomy of the pelvis lateral to the sacro-iliac joints 
and extending from the iliac crest to the greater 
sciatic notch. This allows the two halves of the 
pelvis to fall forwards with consequent narrowing 
of the symphyseal gap and relaxation of tension 
on the structures of the anterior abdominal wall. 
The patient is then nursed in a gallows splint and 
one week later trigonostomy is performed. 

Under general anesthesia an incision is made 
around the entire circumference of the extro- 
verted bladder at the mucocutaneous junction 
(Fig 1). Mobilization is continued laterally and 
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Fig | Incision at muco- 
cutaneous junction 


superiorly with dissection of the bladder from the 
rectus muscles laterally. Care must be taken 
superiorly where the constant umbilical hernia is 
adherent to the bladder and contains extremely 
filmy peritoneum. Should this peritoneum be rup- 
tured accidentally it must immediately be repaired. 
The extroverted bladder is now freely mobilized 
in the greater part of its extent and remains 
attached at the trigone, bladder neck and urethra. 
The area of trigone to be preserved is mapped out 
(Fig 2) and the redundant mucosa of the bladder 
excised. This excision then extends deeper to in- 
clude most of the musculature of the extroverted 
bladder, but preserving a rhomboidal area of fibro- 
muscular tissue behind the trigone and between 
the ureters. Finally the trigone is released by a 
transverse incision across the posterior wall of the 
bladder just above the bladder neck. At this stage 
the inferior vesical vessels will have to be ligated 
and divided if they have not been previously en- 
countered during dissection and mobilization of 
the bladder. 

The trigone and attached ureters are now mobi- 
lized forwards and upwards towards the umbilicus 
by stripping the ureters and parietal peritoneum 
from the posterior abdominal wall (Fig 3). This 


P ~ 


Fig 2 Bladder mobilization. 
Dotted area indicates trigone 
which is preserved 


Fig 3 Mobilized trigone. 

P, portex catheters in ureters. 
S, sigmoid colon and rectum. 

R, peritoneal reflection 
mobilization can be continued to a high level 
without interference with the blood supply of the 
trigone, which is now dependent on descending 
ureteric branches for its nourishment. The aim of 
the operation is to mobilize the ureters sufficiently 
to allow the trigone to be implanted through a 
buttonhole in the skin of the anterior abdominal 
wall about 2 in. above the umbilical hernia at the 
level of a line joining the highest points on the 
iliac crests. The next step is the formation of a 
tunnel to the new site of implantation (Fig 4A). 
The diaphanous peritoneum is carefully dissected 
from the posterior aspect of the rectus sheath in 
the mid-line. This may present difficulties in the 
region of the umbilical hernia, but as dissection 
proceeds superiorly it becomes easier, the peri- 
toneum stripping away more readily with increase 
in the extraperitoneal tissue. When this tunnel has 
reached the desired level a circular hole is made in 
the linea alba of sufficient size to accommodate 
the trigone and ureters. The trigone is now sub- 
cutaneous in position and is brought to the surface 
by the excision of a circular piece of skin in the 
mid-line of the abdomen at the desired level. The 
muscle of the trigone is bunched up by catgut 
suturing to make the trigone and ureteric orifices 





Fig 4 Formation of trigonostomy. A, formation of the extraperitoneal tunnel to the new trigonostomy site ( T). 
B, bunching the trigone; the portex tubes (P) remain in situ. C, site of trigonostomy on“waist line ; the skin bridge 


(S B) is carefully constructed 
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Fig 5 Protuberant bladder with wide epispadic penis and 
an umbilical hernia in a male extroversion patient 


pout forwards above the skin level (Fig 48). This 
bunched-up muscle is then sutured to the edges of 
the defect in the linea alba with fine catgut and the 
mucosal edges of the trigone are sutured to the 
circular hole in the skin with fine black silk. 

It now remains only to close the suprapubic skin 
defect after approximation of the rectus muscles 
in the same manner as for bladder inversion. 
Apposition of the abdominal muscles and skin 
may be aided by a preliminary pelvic osteotomy 
and also by lateral relieving skin incisions or the 
mobilization of skin flaps. It is important from 
the point of view of fitting an appliance later that 
a good wide skin flap exists below the trigonal 
stoma and this is achieved by full mobilization of 
the trigone and ureters and by the preservation of 
a skin bridge inferiorly (Fig 4c). If skin is lacking 
from the suprapubic region a tube of scrotal skin 
may be made and used for closing the defect at a 
later date. The portex catheters in the ureters are 
sutured to the skin of the abdominal wall and 
allowed to drain for one week. After this period 
an ileostomy appliance may be conveniently used. 


Results of Cutaneous Trigonostomy 

This operation has now been performed on 4 
patients, 3 of whom are doing well and in whom 
the operation was technically easy. Pre-operatively 
2 of these patients showed dilatation of the renal 
tract on retrograde pyelography. The clinical 
photograph of one of these cases before operation 





Fig 6 Trigonostomy three months after operation. 
The ureters are pouting well 


(Fig 5) shows well the essential features of extro- 
version of the bladder in boys, viz. a thickened 
polypoid and protuberant bladder with a wide 
epispadic penis and an umbilical hernia superiorly. 
Fig 6 shows this same patient’s trigonostomy six 
weeks after operation. The ureters are seen to be 
pouting well and there is a good wide skin bridge 
inferiorly below the trigonostomy. Post-operative 
retrograde pyelography in these cases has not re- 
vealed any progression of the dilatation of the 
ureters. The patients themselves have remained in 
good health and in biochemical equilibrium; their 
trigonostomies are functioning well and the collec- 
tion of urine in an appliance has been easy and 
uncomplicated. Moreover, the parents are ex- 
tremely pleased with the result of the operation 
mainly because it substitutes a small neat trigo- 
nostomy for the gross anomaly that previously 
existed, and also because collection of the urine 
does away with the severe skin excoriation and 
and malodour from which these unfortunate 
infants suffer. 

In the fourth case the whole of the bladder 
mucosa and right half of the trigone was covered 
with squamous cystic formations. Inversion in 
this case would have been impossible and despite 
the unhealthy mucosa a trigonostomy was per- 
formed. At operation the ureters were observed 
to be dilated. No difficulties were encountered 
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with the operation; the post-operative course was 
uneventful. A trigonostomy appliance was fitted 
one month after operation. After three months 
it was evident that the trigonostomy itself was 
becoming involved in the squamous metaplastic 
changes. Intravenous pyelography showed pro- 
gressive renal tract dilatation and two months 
later a persistent high pyrexia with severe urinary 
infection necessitated the performance of a bila- 
teral nephrostomy. With nephrostomy drainage 
the pyrexia settled and two weeks later a cutaneous 
uretero-ileostomy was performed. At present the 
patient’s condition is satisfactory and the ileos- 
tomy stoma is functioning well. Histologically the 
excised trigonostomy showed squamous meta- 
plastic changes in its mucosa, but no stenosis of 
the ureters could be demonstrated. This poor 
result of the operation was due to treating a 
patient with pre-existing dilatation of the rena! 
tract and using a trigone whose mucosa was un- 
healthy before operation. This case lends emphasis 
to the fact that, should the trigonostomy fail for 
mechanical or other reasons, it in no way jeopar- 
dizes the patient’s prospects of further surgical 
intervention. 
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The Incidence and Treatment of 
Ectopia Vesice [ Abridged | 


by P P Rickham Ms FRCS DCH (Liverpoo/) 


Ectopia vesice is the most severe of the commoner 
congenital malformations of the urinary system 
and its treatment has taxed the ingenuity and skill 
of surgeons for over a hundred years. To-day 
when a variety of methods are practised it may be 
of value to attempt to evaluate some of these 
methods and to put the different claims into per- 
spective. Most of the cases in this series came from 
the Liverpool Region and North Wales. We have 
had the advantage of seeing, especially during the 
last seven years, nearly every child born with 
ectopia vesice in this densely populated area. 


Incidence of Ectopia Vesice 


It is usually stated that ectopia vesicz is a very rare 
ae) 
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malformation occurring once in every 30,000 to 
40,000 births (Campbell 1951). Between 1941 and 
1953 16 cases of ectopia vesice were treated in the 
Children’s Hospitals of the Liverpool Region, an 
incidence of about | in 40,000 births. Since 1953, 
when all patients with ectopia vesice born in this 
area were sent to the two Liverpool Children’s 
Hospitals regardless of their birth weight, the 
multiplicity of their deformities or even their via- 
bility, the incidence of ectopia vesice seen in the 
Liverpool Region has strikingly increased. During 
the last seven years 31 cases were operated upon; 
3 of them were, however, included in the first series 
and reoperated upon after 1953. The incidence 
of ectopia vesice during the last seven years was 
about | in 10,000 births. It appears, therefore, that 
ectopia vesice is more common than has hitherto 
been realized. Premature infants and those with 
multiple severe malformation do not often reach 
large centres which have previously published 
studies of the incidence of the deformity. 


Treatment of Ectopia Vesice 
Ureterosigmoidostomy: The classical treatment of 
the condition since the time of Maydl (1894) has 
been ureterosigmoidostomy. The popularity of 
ureterosigmoidostomy can easily be explained by 
the satisfactory results obtained in adults with 
such conditions as advanced carcinoma or tuber- 
culosis of the bladder. In addition a number of 
isolated cases of children with ectopia surviving 
thirty years or more after ureterosigmoidostomy 
have been published (Hinman 1947, Gouverneur 
1947, Turner 1948). However, follow-up studies 
carried out in recent years (Williams & Jolly 1952, 
Garrett & Mertz 1954) have shown that sooner or 
later most cases with ureterosigmoidostomy will 
suffer from complications. Higgins (1959), per- 
haps the most eminent protagonist of uretero- 
sigmoidostomy for ectopia vesice, reported a 
series of 156 patients: of the 124 treated by 
ureterosigmoidostomy followed up for periods of 
between one and eight years, 16 had died, 36 had 
major immediate post-operative complications 
and 99 major delayed post-operative compli- 
cations. This series published in defence of the 
value of the operation does, therefore, raise some 
doubts. 

Johnston (Johnston & Verga 1957) has followed 
up 16 patients on whom ureterosigmoidostomy 
for ectopia vesice was performed in Liverpool 
between 1941 and 1953: 3 children died during the 
post-operative period; 9 of the thirteen survivors 
had abnormal blood chemistry, 5 recurrent pyelo- 
nephritis, and the follow-up intravenous pyelo- 
gram showed that 18 of the 26 kidneys were 
hydronephrotic. Of particular interest in this long- 
term follow-up was the fact that only 4 of the 13 
surviving patients had achieved perfect anal con- 
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trol, although only 2 were totally incontinent. 
Williams (1958) has stated that in ectopia, anal 
continence is generally achieved with advancing 
age, but this is by no means always the case. There 
can be few conditions as distressing to the patient 
as the uncontrolled leakage of a mixture of feces 
and urine from the anus. 

By the end of 1953 it was evident that, however 
attractive the short-term results of uretero- 
sigmoidostomy, the operation should be aban- 
doned as a standard treatment of ectopia vesice 
(Rickham 1956). 


Plastic closure of the bladder appears to be the 
ideal treatment for ectopia vesice. Only two 
successful cases were reported prior to 1950 
(Young 1942, Michon 1948) but during the last 
decade plastic closure of the bladder has come 
again very much to the forefront of surgical 
thought (Sweetser ef a/. 1952, Sweetser ct al. 1956; 
Swenson 1958). 

It is not too difficult to repair an ectopic 
bladder, but to achieve complete urinary conti- 
nence is very rare. Many exaggerated claims have 
been made, careful follow-up reviews are rare and 
even the preliminary reports show that true con- 
tinence is very infrequently achieved. Critical in- 
spection of our own patients (Rickham 1958) as 
well as those operated upon by other surgeons on 
both sides of the Atlantic has somewhat damped 
our optimism. A number of reconstructed bladders 
will hold several ounces of urine. A number of 
children learn voluntarily to express part of the 
urine, mainly by contracting their abdominal 
musculature. A number of children are dry during 
periods of relative inactivity. Most have stress in- 
continence to a greater or smaller degree. Very few 
dare to go to school without wearing nappies. A 
considerable amount of residual urine is very 
common and sooner or later recurrent urinary in- 
fections, vesical calculus formation, &c., occur. In 
addition reflux up the ureters, hydro-ureters and 
hydronephrosis appear all to be common com- 
plications in those patients who have been 
followed up for a number of years. 

The high incidence of failure in plastic opera- 
tions of ectopia vesice is due in part to the poor 
sphincter muscles and the technical difficulties in 
repairing the bladder neck and external sphincter, 
but also, and this is perhaps not widely known, to 
underdevelopment of the musculature of the 
bladder. Some years ago we carried out biopsies of 
the bladder wall in 6 cases; in only one of them 
was the musculature adequate (Rickham 1958). 

The results of our small series of plastic repair 
of ectopia prior to 1958 were most unsatisfactory. 
Seven of the 8 surviving patients had numbers of 
complications and ended up by having their 

reters transplanted. One child, although not very 


satisfactory, has as yet no further operation. 

Since 1958 a plastic closure was performed on 
ten occasions. In these patients we have brought 
the pubic bones together, in 7 by direct approach 
which is only possible when operating during the 
early neonatal period and in 3 older infants by 
performing iliac osteotomies. It may well be that 
this type of operation is more likely to achieve 
continence; our patients are, as yet, too young for 
us to come to any definite conclusions, but we 
find that one of the disadvantages of early repair 
is the technical difficulty in repairing the small 
phallus. 

Nevertheless we are convinced that the modern 
approach to ectopia vesice should first and fore- 
most be plastic closure of the bladder. Even if this 
operation is not ultimately successful as far as 
continence is concerned, it greatly facilitates 
nursing of the infant. We are also convinced that 
the operation should be performed during the 
first few days of life, when the bladder mucosa is 
not yet infected and no secondary changes have 
occurred. 

Provided the surgeon has experience in the 
management of newborn infants the operative 
mortality should not be high. We had one death, 
from pyonephrosis and peritonitis. 


Transplantation of the ureters into an isolated ileal 
loop: Undoubtedly the technique of plastic closure 
of the bladder will improve but it is likely that 
there will always be children in whom continence 
cannot be achieved, and where diversion of the 
urinary stream becomes imperative. 

In our opinion these patients should not be sub- 
jected to ureterocolic anastomosis. During the 
last decade various methods using a segment of 
intestine as urinary conduit have been developed 
or reintroduced (Bricker 1950, Gilchrist ef al. 
1950, Kinman ef al. 1953, Lowsley & Johnston 
1955, Pyrah 1956). As long as these methods use 
the intestinal segment as a conduit and make it as 
short as possible there are great theoretical ad- 
vantages when compared with ureterosigmoidos- 
tomy. 

For the last six and a half years we have trans- 
planted the ureters into an isolated ileal loop. 
This method was reintroduced by Bricker for 
carcinoma of the bladder in 1950. In 1954 Bill 
and his co-workers used the Bricker technique 
for the treatment of children with double in- 
continence. Independently, in the same year we 
used a slightly modified technique for the treat- 
ment of a child with ectopia vesice (Rickham 
1956) and we have since performed over fifty 
transplants of the ureters into an isolated ileal 
loop in childhood. Most of these children suffered 
from spinal lesions and double incontinence, some 
from post-traumatic incontinence or long-stand- 
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ing urinary obstruction. If there is already ad- 
vanced destruction of the kidneys by back pressure 
and uremia, the operation carries a considerable 
risk (Johnston & Rickham 1958). Provided the 
kidneys are functioning reasonably well the 
operation gives very satisfactory results and can 
be carried out even in small infants without much 
difficulty. 

In 16 of our cases of ectopia vesice the ureters 
were transplanted into an isolated ileal loop 
(Table 1). Three children had previous uretero- 
sigmoidostomies: 2 of them had suffered for years 
from recurrent urinary infections and hydrone- 
phroses, | had in addition severe hyperchloremic 
acidosis and anal incontinence. In 7 children a 
plastic closure of the bladder had been attempted 
before 1958. They all suffered from severe compli- 
cations following the operation and were also 
totally or partially incontinent. Six children were 
not thought to be suitable for plastic operations 
and had their ureters transplanted as a primary 
procedure: 3 had very small bladders and biopsies 
of the bladder wall showed practically complete 
absence of vesical musculature; the other 3 
suffered from multiple associated severe malfor- 
mations which made plastic closure impossible. 
The only death in this series was due to causes 
not connected with the transplantation of the 
ureters. 


Table 1 


Transplantation of ureters into isolated ileal loop (1954 to 1960) 





Total: 16 cases (1 death): 11 boys, 5 girls 
3 had previous ureterosigmoidostomy (before 1954) 
7 had previcus plastic repair (before 1958): 
2 repeated breakdowns, fistula, incontinent 
3 vesical stones, incontinent 
2 hydronephroses, incontinent 
6 not suitable for plastic operation: 
2 exomphalos major and split penis 
1 rectal atresia and hydrocolpos 
3 small bladders; no muscle in bladder biopsy 
Age at operation: 
9 were between 14 and 30 months old 
5 were between 4 and 7 years old 
2 were over 15 years old 





The following points in the technique of ureteric 
transplant into an isolated ileal loop are important 
when operation is performed in small children: 
(1) The isolated ileal loop must be considerably 
shorter in children than in adults if changes in the 
blood chemistry because of reabsorption of urine 
are to be avoided. The loop is measured at opera- 
tion; its intra-abdominal length must not exceed 
4 in. and it is frequently much shorter. If such a 
short intestinal segment is to be used, it is im- 
possible to suture the ileum to the posterior parie- 
tal peritoneum around or behind the cecum. The 
proximal end of the loop is fixed to the posterior 
parietal peritoneum in front of the sacral pro- 
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montory and the intestine is allowed to run straight 
across the abdominal cavity towards its exit from 
the abdomen in the right iliac fossa. There is thus 
a possible danger that coils of gut may wind them- 
selves round the isolated loop. Provided the left 
free margin of the mesentery of the isolated in- 
testinal segment is sutured to the posterior 
parietal peritoneum this danger seems to be more 
theoretical than practical as we have never seen 
intestinal obstruction following this operation in 
any of our cases. 

(2) The small diameter of the infant’s ureters 
makes anastomosis of the left ureter to the open 
proximal end of the isolated ileum rather diffi- 
cult and we have preferred to close the proximal 
end of the loop and anastomose both ureters to 
the antimesenteric border of the gut in the pelvis. 
Great care must be taken to avoid kinking of the 
left ureter when it is pulled down into the pelvis 
behind the root of the mesosigmoid. 

(3) A mucosa-to-mucosa uretero-intestinal anas- 
tomosis is carried out, using the technique des- 
cribed by Nesbit (1952). 

(4) Stenosis of the ileostomy stoma is a frequent 
complication and occurred in all our earlier cases 
within two years of the operation. It can usually 
be prevented by coring out a disc of abdominal 
wall with a hollow tubular knife. 


Follow-up and Complications 

With the exception of one child who died five 
months after his ureters were transplanted all 
patients have been followed up for periods varying 
from one and a half to six and a half years. 
Thirteen children had normal blood chemistry 
before operation and this has remained normal 
post-operatively. Three who had grossly abnor- 
mal pre-operative blood chemistry have now per- 
fectly normal blood chemistry. 

Eight children had normal pyelograms before 
operation and all but one, who developed a slight 
hydronephrosis, have remained normal. Seven 
showed hydronephroses before operation. In 6 
there has been considerable improvement; in 1 it 
has remained the same. 

The two main complications encountered were: 
(1) Contraction of the ileal stoma which occurred 
in 9 patients, mainly in the earlier cases, and 
necessitated refashioning of the stoma. (2) De- 
fective anal control which did not improve over 
the years. Anal incontinence has persisted in 4 
patients aged 5, 6, 9 and 12 years respectively; it 
is more or less satisfactorily controlled by giving 
an enema after breakfast and occasionally an 
enema at night. 


Twelve of the 15 surviving children have reached 
school age. They go to ordinary schools, play 
games, cycle and swim without any difficulties. 
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Meeting October 27 1960 


Mr M F Nicholls (London) delivered his 
Presidential Address entitled Cancer: Palliation 
or Cure? 

Reference may be made to the following: 


Nicholls M F 
(1936) Proc. R. Soc. Med. 29, 372 
(1960) J. R. Coll. Surg. Edinb. 5, 253 
Nicholls M F & Siddons A H M (1960) Brit. J. Surg. 57, 531 





Vieeting November 24 1960 
The following specimens were shown: 


Bilateral Uric Acid Calculi and Polycystic 
Kidneys 
Mr J N Ward-McQuaid 


(1) A Parapelvic Cyst of the Kidney 
(2) The Results of Retroperitoneal Fibrosis 
Mr Thomas Moore 


Hypernephroma Invading the Liver. Nephrectomy 
and Hemihepatectomy (Right Lobe) 
Mr T Earley (for Mr Alan H Hunt) 


Bilateral Multiple Renal Cavernotomy and 
Ileo-cystoplasty for Tuberculosis 
Mr Howard G Hanley 


Bladder with Three Large Diverticula, One 
Occupied by a Massive Tumour which Projects 
into Bladder Lumen — Cystectomy 

Mr Arthur Jacobs 


Malignant Papilloma of Bladder — 50th 
Anniversary of Cysto-diathermy 
MrL Gracey (for Mr John Hopewell) 


Vesical Calculus around Nylon Tape Following a 
Urethral Sling Operation for Stress Incontinence 
Mr C H Kinder 


Rhabdomyosarcoma of the Prostate 
Mr Richard E Shaw 


(1) Sarcoma of Prostrate in a Child 

(2) Pedunculated Polyp of Verumontanum 
Causing Retention 

Mr RA Mogg 


Malignant Melanoma of Urethra 
Mr D M Wallace 


Tuberculous Epididymo-orchitis Presenting as 
Neoplasm of Testis 
Mr W F P Gammie (for Professor V W Dix) 


Giant Condyloma of the Penis 
Mr J M Powley (for Mr J G Yates-Bell) 
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Professor R S Illingworth (Sheffield) 
The Tonsillectomy Problem 


The Quarterly Cumulative Index Medicus in the 
ten years from 1947 to 1956 listed approximately 
1,200 papers concerning the tonsil and its removal. 
Tonsillectomy continues to be a popular opera- 
tion, though many argue that it is an operation 
which is carried out far too frequently. The num- 
ber of tonsillectomies in National Health Service 
hospitals in England and Wales in 1954 was about 
226,211. This does not include those carried out in 
nursing homes (Minister of Health 1955). It is 
estimated that the cost to the Health Service was 
about £3,000,000. According to Bakwin (1958) 
about two million tonsillectomies are carried out 
each year in the United States, at a cost of about 
£60,000,000. 

The interesting figures given by Glover (1948) 
concerning geographical variations in the inci- 
dence of tonsillectomy are well known. The Chief 
Medical Officer of the Ministry of Education has 
supplied similar figures (1958). In his 1958 report 
he indicated that at East Ham 51 times more 
school entrants have had their tonsils removed 
than those at Merthyr Tydfil: at East Ham 32 
times more school entrants have had their tonsils 
removed than those at St. Helens. As for school 
leavers, there are similarly odd findings. A child 
at Bournemouth is six times more likely to have 
had the tonsils out than one at Bootle, and more 
than twice as likely to have had the operation as a 
child living in Sheffield. Miller et a/. (1960), in 
their Thousand Family Survey at Newcastle upon 
Tyne, mentioned a further odd statistical finding, 
namely that circumcised boys were more likely to 
have had their tonsils removed, especially early in 
childhood, than those who had not been circum- 
cised. Before the fourth birthday, tonsillectomy 
had been performed in 15% of the circumcised 
boys, as compared with only 2° of the uncircum- 


Meeting December 2 1960 
Discussion 


Is the Removal of Tonsils and 
Adenoids Necessary? 


cised. This finding is similar to that of Binning 
(1950), who studied the incidence of tonsillectomy 
in 263 children who had had the appendix re- 
moved, and in 6,254 who had the appendix intact: 
the percentage of the former group which had had 
the tonsils removed was twice as great as it was in 
the controls. 

Glover (1948) found that tonsillectomy was 
more common in the well-to-do than in the poor. 
Douglas & Blomfield (1958), in their study of 
children under 5, found that many fewer children 
of unskilled workers were admitted for tonsillec- 
tomy than children of black-coated or professional 
parents. 


Indications for Tonsillectomy 

The Chief Medical Officer of the Ministry of 
Education (1954) wrote that the overwhelming 
numbers of tonsillectomies are carried out be- 
cause it is the wish of the parents, or because the 
tonsils are enlarged, or because of frequent upper 
respiratory tract infections. I shall begin my dis- 
cussion of the indications with these three reasons 
for operation. 


(1) The wish of the parent: In my opinion it is 
altogether wrong to perform an operation on a 
child because the parents want it — except, I sup- 
pose, for racial reasons in the case of circumcision. 
The child should always be considered first and 
foremost. It is he who has to bear the conse- 
quences and possible complications of the opera- 
tion. 


(2) The tonsils are enlarged: Size has nothing to do 
with the matter unless the tonsils are so large that 
they are causing respiratory obstruction, and that 
is very rare. It is commonly forgotten that tonsils 
are usually large between the age of 5 and 7 years, 
but they become smalier as the child grows older. 
I can only suppose that the antipathy to large 
tonsils is related to the idea that large tonsils are 
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likely to be infected tonsils — a wholly erroneous 
idea. 


(3) There are frequent infections of the upper respir- 
atory tract: It has been abundantly shown that the 
removal of tonsils does not reduce the incidence 
of colds, and it is very difficult to think of any 
reasons why they should. 

The work of Kaiser concerning the frequency 
of colds in relation to tonsillectomy is well known. 
McCorkle et al. (1955) found that the attack rate 
for common respiratory diseases was the same in 
those with tonsils as in those without, and did not 
change after tonsillectomy. 

I cannot see why the removal of tonsils, leaving 
other lymphoid tissue behind (perhaps to undergo 
compensating hypertrophy), should make any 
difference to the frequency of colds. Perhaps it is 
thought that there is a nest of viruses in the ton- 
sils, but not in the adjacent lymphoid tissue, and 
that all one has to do to stop colds is to remove 
the nest. It is as scientific as the idea that one will 
catch cold if one’s feet get wet. 

A major difficulty in the assessment of the value 
of the operation is the obvious fact that a child is 
older after the operation than before. In other 
words, any possible reduction in the incidence of 
infections after the operation may be due to the 
natural history of such infections, for it is well 
known that most children acquire a natural 
immunity to them within two or three years of 
starting school. 

One certainly cannot depend on the opinion 
of parents with regard to possible improvement 
after operation, because of the well-known lay 
belief in the magic of medicine and surgery. 
Objective assessment of the frequency of infec- 
tions is essential. 

With regard to the incidence of tonsillitis and 
otitis after the operation, Miller et al. (1960) 
found that the operation was followed by a fall in 
the previous rate of tonsillitis and otitis, but the 
incidence was still higher than that in children on 
whom no operation was performed. 17 of 25 
children who had had previous otitis continued to 
have further attacks of otitis after the operation up 
to the eighth birthday. 

It seems reasonable to suppose that it would be 
useful to relate the effect of tonsillectomy to the 
presence or absence of hemolytic streptococci in 
throat swabs, or to the ASO titre, and to study 
these after the operation as well. Chamovitz et 


al. (1960), in an army study, showed that there 
was no difference in the incidence of streptococcal 
infections in those with and without tonsils, and 
that tonsillectomy did not decrease the risk of 
streptococcal infection. I do not know of a study 
comparing the effect.of continuous prophylactic 
penicillin therapy in the treatment of persistent 
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streptococcal infection with that of tonsillectomy. 


(4) The tonsils are infected: Epstein (1937) showed 
that in fact one cannot determine by inspection 
whether the tonsils are infected or not. In a study 
of 540 children he showed that there was no corre- 
lation between the size of the tonsils and the 
result of the operation; between the size of the 
crypts and the amount of debris expelled and the 
results; between buried tonsils and others with 
regard to the severity of the pre-operative sym- 
ptoms and the results; between the opinion of the 
pediatrician and the ear, nose and throat surgeon; 
and the appearance on histology or the results. It 
is usually agreed that caseous material expressed 
is merely epithelial debris. How many have histo- 
logical studies done on tonsils, and how many 
pathologists agree on the interpretation of the 
histology ? 


(5) There are enlarged cervical lymph nodes: Unless 
they are suppurating or about to do so, I cannot 
see why it matters. In any case, most children 
have palpable cervical lymph nodes, and a satis- 
factory definition of ‘enlarged’ lymph nodes is 
difficult. 


(6) Other reasons: Ersner & Lerner (1956) pro- 
vided a long list of indications for tonsillectomy. 
The list included pigeon breast, high arched 
palate, pyelitis, enuresis and nightmares. They 
added ‘An indication often overlooked is retarded 
mental development due to anoxemia’. | feel that 
comment is superfluous. 


(7) When in doubt, the tonsils should be removed: 
It is true that in any branch of medicine, when we 
do nothing we have to be sure that it is the right 
thing to do nothing. Therapeutic nihilism can go 
too far. On the other hand it is well known that if 
there is a long waiting list for the operation, a 
large number of children are found no longer to 
need the operation by the time their turn comes 
(Dey 1952). 

One should always try to decide what harm it 
will do to leave the tonsils where they are. There 
may be more attacks of tonsillitis for a time. There 
may be more otitis media. At least there will be no 
death from leaving the tonsils, and there will be no 
serious complications, whereas the operation is 
associated with a striking list of possible compli- 
cations, including death. In the last ten years of 
the Quarterly Cumulative Index Medicus, there 
were approximately 280 articles about the com- 
plications of tonsillectomy. The Registrar-General 
reports about 40 deaths a year from the operation 
in this country, Wolman (1956) sent out question- 
naires to 10,000 pediatricians and practitioners in 
the United States, and obtained the following 
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results. The death-rate was | per 1,000 per year. 
The incidence of serious complications was 15-6 
per 1,000 per year. Many had emotional sequele — 
night terrors, enuresis, and so on. Bakwin (1958) 
wrote that in the United States deaths from the 
operation between 1950 and 1957 varied from 220 
to 346 per year. He discussed the well-known re- 
lationship between tonsillectomy and poliomye- 
litis, especially of the bulbar type. He concluded 
‘Here is a “disease’’, tonsil adenoid enlargement 
or infection, with virtually no mortality, and a 
therapeutic procedure for it which has a sizable 
mortality.” 


Adenoids 

It should be remembered that adenoids disappear 
or shrivel up as the child gets older, so that mere 
size is not necessarily an indication for operation, 
unless they are causing obstruction. With regard 
to hearing, not all agree that one can clear the 
orifice of the eustachian tube of obstructing lym- 
phoid tissue without irradiation. However, I feel 
that the case for adenoidectomy is much stronger 
than that for tonsillectomy, because adenoids 
may cause considerable post-nasal obstruction, 
postnasal discharge and cough at night, recurrent 
Otitis media, and a nasal speech, all of which are 
removed by adenoidectomy. 


Final Suggestions 

I suggest that adenoids should be removed if the 
large pad of adenoids can be seen clinically or 
shown radiologically, and if there is also a re- 
current otitis media, postnasal obstruction, 
nasal speech, or postnasal discharge not due to 
antrum infection. 

I suggest, in the present state of our knowledge, 
that tonsils should be removed on the basis of 
symptoms only, and never on the basis of their 
appearance unless they are meeting in the mid- 
line and causing obstruction to breathing. The 
suggested symptoms are frequent attacks of ton- 
sillitis, with fever, say three to four a year, which 
cannot be controlled by continuous prophylactic 
penicillin: and one attack of peritonsillar abscess 
(as long as one is sure there was an abscess, and 
not mere cedema of the throat). The operation 
should never be performed because the parents 
want it, the doctor wants it, or a school nurse, 
aunt or grandmother wants it. The child alone is 
the one who matters. It should never be done for 
any general disease. It should only be done if the 
physician or surgeon, having acquainted himself 
with the literature, would under the same circum- 
stances have it done on himself or his own child. 
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Mr R Thomas (Car/lis/e) 


Although I performed about 700 tonsil and 
adenoid operations on children last year, I pro- 
pose to offer arguments against the operation in 
order to stimulate discussion, and to make some 
suggestions for reducing the numbers. 


The Pathological Function of the Tonsil 

My thesis is that the function of the tonsil is to 
become infected with as many pathogens as 
possible in order to develop the appropriate 
immunity. This view is generally accepted and is 
further supported by the literature during the last 
ten years. Porcelli (1950) for example found that 
every tonsil shows signs of inflammation and that 
histological studies cannot distinguish between 
inflammatory and ‘simple’ hyperplasia. It appears 
that the tonsil becomes infected soon after birth 
and remains so throughout life. 

How then does the tonsil carry out its patho- 
logical function of normality? The tonsil’s situa- 
tion enables it to gather samples of ingested 
material into the crypts, where the immune pro- 
cess is instigated. The mechanism of the crypts 
has been investigated by Pirro (1953, 1954). He 
postulates a functioning unit consisting of lym- 
phoid follicle and associated crypt epithelium, the 
rate of proliferation or exfoliation of the epithe- 
lium being constantly adapted to the changing 
conditions affecting the unit. The material in the 
crypts consists mostly of this exfoliated epithe- 
lium, and leucocytes; it also contains not only the 
everyday cocci, but also viruses and the larger uni- 
cellular organisms such as actinomyces, amoebe 
and histoplasma which present an increasing 
interest. There may be other pathogens awaiting 
discovery. Some of these organisms may remain 
in an inactive phase until a suitable occasion 
when changes in the host or in the relative bac- 
terial flora may react to their advantage. 

The wall of the crypt separating it from the 
lymphoid reticular spaces is infiltrated by lympho- 
cytes and, when necessary, polymorphonuclear 
cells. This wall appears to be the battlefield be- 
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tween the inhabitants of the crypts and the 
resources of the tonsil. Ordinarily toxic and other 
substances are absorbed and neutralized by lym- 
phocytes or other cells particularly plasma cells 
and this process produces a degree of general 
immunity. If the enemies are too many or too 
strong the wall may break down and it may be 
necessary for polymorphonuclear resources to be 
called in — indeed the enemy may occupy or 
destroy the follicle. The resulting battle will in- 
volve not only the laying down of fibrous tissue 
by the mast cells but also the regeneration of both 
follicles and crypts — a process which can be 
easily observed in the base of the tonsillar fossa 
following tonsillectomy. 

There are abundant neural elements and micro- 
ganglia throughout the tonsil, which no doubt 
control the blood supply and the function of the 
lymphoid tissue. The many sensory nerves may 
have the function of reporting to the brain what 
is going on and in particular one could guess that 
a sore throat is an indication to its owner that 
nothing more should be ingested until a sufficient 
immunity has been developed. 

The vascular supply consists of the capillary 
network in the germ centres and loops to the lym- 
phoid reticulum. Arteriolar control has been 
postulated by Amati (1954) who describes 
arteriolar pads or thickenings which may have 
the purpose of diverting the blood into various 
parts of the organ. Variation in the structure of 
the venules, too, points to some function as yet 
not fully understood. 

While the remaining lymphoid tissue in the 
throat certainly partakes of the attacks of infec- 
tion, the faucial tonsil seems to take the major 
part. Is this due to its position or to the tonsillar 
crypts? I would very much like to know whether 
these interesting structures are as well developed 
in other species and with what incidence of infec- 
tious episodes. 

I hesitate to mention the biochemical and 
immunological aspects as I find them difficult to 
understand. From the work of Schiirmann (1954) 
and Imai (1954) it is clear that immune bodies are 
produced by the tonsil. It has also been shown 
that the production of antibodies and the leuco- 
cytosis is reduced if antibiotics are given in acute 
tonsillitis. The allergic reaction nowadays is of 
increasing importance, but there is little histo- 
logical evidence of specific changes. Dougherty 
(1952) has discussed the relation of the adrenals 
and other endocrine organs to the tonsils; it is 
clear that gonadal and adrenal hormones inhibit 
the development of lymphatic tissue and, con- 
versely, children who are said to have enlarged 
tonsils have been found to have a diminished 
adrenocortical activity. Furthermore Pagnini 
(1953) found an increased adrenocortical activity 
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following tonsillectomy (but can this be due to 
fear ?). 

It would seem a pity to remove this organ 
which is delicately poised and controlled and 
whose position and function is to help the body to 
develop immunity, and especially to remove it 
before it has developed this immunity or while it 
is in the process of doing so. To remove a tonsil 
because it is infected is clearly unreasonable since 
every tonsil is infected. Unless the immune pro- 
cess can be safely relegated to the remaining and 
possibly less efficient lymphoid tissue, the long- 
term effect of tonsillectomy is likely to be lack of 
resistance to infection in later years (Holmes & 
Williams 1958). This has been suggested by the 
many opponents of surgery. 


The Balance of Controversy 

Whatever may be said against tonsillectomy it is 
clinical fact that for two thousand years it has 
proved at times a necessary and successful opera- 
tion. Many are the grateful parents of the children 
whose tonsils and adenoids we have removed; but 
some think we perform this operation too often 
without benefit. That is the purpose of this Dis- 
cussion, to balance the dangers of surgery against 
the advantages of operation. 

I have already outlined the theoretical dangers. 
The practical dangers are many, as Professor 
Illingworth has emphasized. It is enough for me 
to add that the operation is for the child and 
parent an ordeal and for the surgeon a soul-des- 
troying repetition of a procedure which can sud- 
denly become a difficult and grave responsibility. 

The main advantage is that freedom from ton- 
sillitis attacks will lead to both clinical and social 
improvement, together with the likely cure of 
some ear diseases by removal of the adenoids. 
This excellent result is encouraging; but we should 
always ask ourselves whether it is the result of 
surgery or if it is merely that the last and most 
dramatic treatment is the obvious cure of a self- 
limiting disease. This also applies to the other so- 
called ‘results’ of tonsillectomy: they are legion 
and have been the subject of the innumerable sur- 
veys which continue to appear in the medical 
press. These surveys are unreliable statistically 
and may be considerably affected by the bias of 
the investigator as well as by many other irrele- 
vant and doubtful factors. 


Indications for operation 

Since every tonsil is infected, how can we decide 
that harm is being done and that operation is 
needed? Can we by scientific test discover the 
degree of infection or if the tonsil is a septic focus ? 
Extensive reading in preparation for this paper 
has convinced me that there is no laboratory test 
which can help; for all the very many tests which 
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have been devised have in turn been discarded by 
the various investigators. Histology and bacteri- 
ology have failed to prove that any tonsil Jarge or 
small is or is not likely to be a septic focus. 

The decision to-day is therefore purely clinical 
and it would be interesting to offer the same hun- 
dred cases to each member of this Section and to 
record the decision whether or not to operate. 
It is healthy to disagree, but I am sure that if we 
could rely a little bit more on science and a little 
less on art the number of sufferers from this 
operation could be considerably reduced. 

My own views are, in brief, that the main indi- 
cations for adenoidectomy are diseases of the ear; 
but I have yet to see a pad of adenoids which 
obstructs the eustachian orifice except by allowing 
mucus to collect there. Repeated attacks of ton- 
sillitis seem to be a sound indication for both 
social and medical reasons; but how many 
attacks is ‘normal’ — penicillin or no penicillin? 
How can I tell if a child is going to have more 
attacks and how many’? It looks as if I am expect- 
ed to be a prophet as well as a doctor. One thing I 
do know is that, if the tonsils are out there will be 
at least for a time no more tonsillitis and I am 
therefore tempted to aquiesce to what may be the 
unreasonable demands of parent and general 
practitioner. 

Apart from the rare cases of respiratory ob- 
struction caused by the disproportionate size of 
throat and tonsil, the other indications seem to 
depend on the theory of focal sepsis. I do not 
think I am the only one who still believes in this 
theory. There comes a time in some children’s 
lives when the tonsils, instead of carrying out their 
immunological functions, serve as a reservoir and 
disseminator of toxins and infection. Continued 
ill-health despite pediatric care seems to be the 
indication, in the absence of other factors and in 
the presence of some pointer that the throat is 
involved. 

It appears that the indications for tonsillectomy 
are purely clinical. If the microscope is unable to 
distinguish between good and bad _ tonsils, 
ordinary examination is unlikely to be of much 
assistance; so we shall have to rely almost entirely 
on the history. 


Pseudo-indications 

The supposedly good results of tonsillectomy have 
encouraged both doctors and parents to seek 
out further indications for operation. These I am 
calling pseudo-indications and I suggest that by 
avoiding these we can reduce the number of 
operations considerably. 


Enlarged tonsils and adenoids: in a centre where I 
worked for many years children used to be re- 
ferred to me for ‘treatment of enlarged tonsils and 
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adenoids’. It took many years of propaganda 
before they were referred instead for my opinion. 
It is difficult to persuade parents and practitioners 
that the tonsil has other functions than just to be 
taken out when large. My propaganda has been 
that the tonsil varies in size; its size is relative to 
the size of the child’s throat. If it is large, it may be 
doing its work extra well or recovering from an 
episode of acute infection. Anyway, how do we 
know that other organs that we cannot see are not 
also enlarged and should come out too? The 
smallest tonsils I have removed this year came 
from a child who had tonsillitis every month for a 
year and is now very well after tonsillectomy. 
Perhaps the smallness of the tonsils is an indica- 
tion for removal as well as their enlargement! 

I have performed a piece of research in the 
matter of tonsillar size. I have weighed 87 pairs of 
tonsils directly after removal. Of these eleven 
pairs weighed } oz, seventy between # and 4 oz 
and six § oz. On the whole the younger children 
tended to have the smaller tonsils. Most of the 
children over 10 had the largest tonsils. This con- 
firms the statement of Dougherty (1952) that 
lymphatic tissue growth does not follow a curve 
which merely reflects changes in body weight dur- 
ing ageing but exhibits a type of growth which is 
unique among the tissues of the body. Or, if you 
like, an average tonsil looks big in a small throat. 
Mathematically, if the tonsil can be regarded as a 
sphere, the difference in the diameters (or appar- 
ent size) of the low and high average weights is of 
the order of 1 to 1-2. If the tonsil is 1 cm in 
diameter then the difference will be 2 mm and I 
defy anyone to judge this difference in the short 
interval of examination. Such remarks as en- 
larged tonsils, enormous tonsils and other super- 
latives are clearly inaccurate and can only relate 
to the relative size or prominence of the tonsil in 
the throat. A tonsil may be made to appear large 
by too firm pressure with the spatula. 


The appearance of the throat: This seems to cause 
offence. Apart from its so-called enlargement the 
tonsil is called ragged, cryptic or unhealthy. The 
first two terms are descriptions of the normal; but 
the term unhealthy can mean little more than that 
the examiner is at a loss to find an excuse for 
surgical intervention. I should like to know what a 
healthy tonsil looks like, having of course pre- 
viously decided what health is. I suggest that all 
these terms are meaningless and that the apparent 
size, prominence or colour of the pillars, specks of 
material on the tonsils or in the crypts or retention 
cysts have little or no significance and to remove 
tonsils for these reasons is an experiment unless 
there is sufficient history of disease attributable to 
the tonsils. I am sure that the history is the real 
indication for tonsillectomy and it is in taking the 





398 Proceedings of the Royal Society of Medicine 


history that the real skill is required. In fact I sug- 
gest that there is really no need to examine the 
throat except to exclude some rare disease or con- 
genital deformity (aberrant carotid for example). 
It is far more important to examine the teeth. 


The importance of dental caries: To make three 
large wounds in the throat in the presence of gum- 
boils and carious teeth containing decaying food 
seems dangerous. I suggest that six months should 
elapse after dental treatment before a further visit 
to the E.N.T. clinic is considered, as possibly by 
then the sore throats and glands will have sub- 
sided. 


Halitosis and loss of appetite are not indications. 
The first is probably only a temporary annoyance 
and the second of emotional origin. Treatment of 
the mother is more rational than operation on the 
child. Unfortunately the shock of operation often 
cures the loss of appetite; tonsillectomy is there- 
fore claimed to be the cure. 


Neurosis: | have often wondered whether tonsil- 
lectomy is a national neurosis. Even among the 
lay public mention of tonsils may provoke a 
vigorous discussion as to whether they should 
come out or not. The word ‘yank’ is almost totally 
reserved for the operation. ‘Good’ children are 
often taught to show their throats — much to the 
dismay of their parents who have not seen a 
child’s tonsils before. The family doctor is forced 
to examine the tonsils and he too may promote a 
doubt in the parents’ minds that something may 
be wrong. In some places special E.N.T. clinics 
are held for school children who are referred by 
the school doctor with the thousand dollar ques- 
tion ‘tonsils in or out?’ These clinics are I think 
conducted better nowadays and the parent 
usually comes with the child. Nevertheless the 
reply to my request ‘please tell me about Peter’ is 
usually ‘it’s his tonsils, doctor’. On further ques- 
tioning the mother will probably admit that her 
worst worry is the frequent colds not the attacks 
of tonsillitis. The E.N.T. consultant faced with all 
these preconceived ideas and a clinic of 20 to 30 
children to be seen in a couple of hours or so may 
find it difficult to avoid putting them on the wait- 
ing list for operation which is the easier and less 
time-consuming course. 


Research Problem 

Most of the articles I have consulted have been 
read as abstracts in Excerpta Medica as so many 
of them are in foreign languages. There is a con- 
spicuous absence of British interest in this sub- 
ject. I suspect that the cause is in our medical 
education, as our President mentioned in his 
Address (Otty 1961). I can remember the thrill of 
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my first tonsillectomies, but as registrar the 
interest started to wain and as consultant and 
head of department I have had little more than an 
administrative interest to maintain the established 
indications, a good standard of surgery and a 
short waiting list. | have no idea and I doubt if 
anybody else has, of the long-term (five-year) 
results of surgery or of the cases where we have 
refused to operate. Perhaps we are all too hard 
pressed by the great number of patients we have 
to see at each clinic. Perhaps there are too few 
academic posts in our specialty. I expect too that 
whatever Professor Illingworth and I may say 
many of us are unable or unwilling to reconsider 
or relinquish opinions which we have developed 
from experience or from the teaching of our pre- 
decessors despite the changing pattern of disease. 
An example of how diseases change is to be found 
in the 1937 edition of Thomson & Negus’ ‘Dis- 
eases of the Nose and Throat’, which states ‘acute 
tonsillitis sometimes occurs in children’. From 
my experience of general practice at that time I 
would agree that this was true. Nowadays, how- 
ever, it is common to see children under 5 who 
have had as many as ten attacks described as ton- 
sillitis, treated each time with oral penicillin. As 
far back as 1950 Wright said in his Semon Lecture 
‘it is estimated that some 40% of children suffer 
from recurrent tonsillitis’. Dubos (1958) wrote of 
acute tonsillitis, ‘this benign self-limited disease 
may be transformed (by the administration of 
antibiotics) into an illness with two or three acute 
episodes in three or four weeks, each episode 
carrying the same risk of complications’. He goes 
on to suggest that if penicillin is to be given it 
should be continued for ten days. 

My point is, are we going to continue in our 
present darkness of tradition, empiricism and ex- 
pediency or are we to engage in some really serious 
British research, which may reduce tonsillectomy 
and allow us to get on with some more useful 
work? Since the subject was last discussed here 
(Proceedings, 1950, 43, 317), except for more sur- 
veys there has been little or no British contribu- 
tion. Apart from surveys the recent index of the 
Journal of Laryngology contains no relevant con- 
tribution. The otherwise excellent annual reports 
of the Institute of Laryngology and Otology con- 
tain no reference except to the 15,000 odd tonsil 
and adenoid operations performed in the last ten 
years. I can find no reference in the Archives of 
Pediatrics. 

May I suggest that the Medical Research Coun- 
cil or some other body take this on in a big way 
and that a wide committee be formed ? This could 
consist of learned representatives of the interested 
faculties of physiology, anatomy, pathology, 
psychology, epidemiology, dentistry and so on, 
even including E.N.T. and pediatrics. Surely the 
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combined brains of such a committee could 
institute research which would enable us to avoid 
tonsillectomy. 

It is a remarkable fact that in this country 
nearly 25% of children are considered to be so 
abnormal that they have to have their tonsils and 
adenoids out, that more than 225,000 operations 
are performed every year, costing millions of 
pounds, and very little is done to prevent it. 
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Dr W J E McKee (Farnborough, Kent) 
An Interim Report on a Tonsillectomy Survey 


A study is being carried out at Farnborough Hos- 
pital in an attempt, by using a statistically con- 
trolled series, to clarify the position of tonsillec- 
tomy in some children. 

The plan was that children between the ages of 
2 and 15 referred to a consultant surgeon for ton- 
siillectomy should be randomly allocated into two 
groups, one for early operation, the other for con- 
trol study, and a detailed comparison made of all 
subsequent illnesses. The child’s health as a whole 
has been studied with particular regard to the 
duration of illness. 

To overcome certain difficulties and obtain two 
statistically comparable groups it is necessary to 
exclude certain children. Firstly, those in whom it 
would be unethical in the present state of know- 
ledge to withhold some operation, usually 
adenoidectomy with or without another proce- 
dure. This is a small group of children who have 
in addition to throat infections such problems as 
marked deafness, chronic otorrhcea, or chronic 
sinusitis. Secondly, there is a group of children in 
whom no benefit can be expected to show up ina 
comparison of health records. This will include 
children with symptoms unassociated with throat 
infections, and others whose history suggests only 
one or two probable throat infections over the 
preceding twelve months. These were rejected: All 
the remaining and successive children referred for 
tonsillectomy were included in the study. They 
will have a common criterion, a history of three 
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or more throat infections, such as tonsillitis, acute 
sore throats, or upper respiratory infections with 
acute anterior cervical adenitis, over the preced- 
ing twelve months, in addition to a variety of 
secondary upsets. They are the majority of child- 
ren referred to these clinics for the operation. 

Children accepted for the survey were randomly 
allocated into two groups: (1) For early operation, 
tonsillectomy with adenoidectomy. (2) For con- 
trol study. Operation was here to be deferred for 
the two-year study unless it should beccme 
urgent. 

These two groups have a similar age and social 
class composition and are directly comparable. 
To get accurate details of illnesses in both groups, 
families were visited two-monthly by one of the 
Survey’s visitors, and an itemized questionnaire 
completed. Recorded illnesses were classified into 
groups in accordance with predefined symptom- 
complexes to avoid dependence on prejudiced 
parental or other opinion for the diagnoses. 

As expected there was some loss of cases: 11 
children moved from the area, 5 were unco- 
operative and 21 controls had to be withdrawn 
for operation in the first year. This left 222 
operated children and 154 controls. 


Results 

The mean overall incidence of illnesses over the 
first year falls from 7-1 in controls to 5-5 after 
operation, a 23% reduction (Table 1). These 
figures include all illnesses, respiratory, gastro- 
intestinal, infectious fevers, emotional upsets and 
so on. The reduction after operation is statistically 
significant. The principal source of this improve- 


Table 1 


Comparison of the incidence of sometillnesses, 
over the first year of follow-up (age 2—15 years) 





Mean No. of episodes 
of iliness 














—__—————§— Difference 
154 222 between the Standard 

Class of illness controls operated means error 
Colds 1:94 1-91 0-03 0-18 
Coughs 0-51 0:56 0-05 0-09 
Sore throats 2-00 0:39 1-61 0-16@ 
Influenza 0-20 0:14 0-06 0-04 
Acute adenitis 0-05 0-05 0-00 0-08 
Total respiratory 

infections 5-0 3:3 1:7 0:29@ 
Otitis media 0-33 0-17 0-16 0-:07@ 
Infectious fevers 0-25 0-37 0-12 0-06 
Gastro-intestinal 0-54 0-66 0-12 0-09 
Total illnesses 71 5:5 1-6 0-31@ 





@ Statistically significant 


ment is the highly significant reduction in respira- 
tory illnesses and in particular those with promi- 
nent sore throat. 
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The incidence of colds, coughs, influenza and 
cervical adenitis unassociated with upper respira- 
tory infections is not significantly different in the 
two groups of children. The only other class of 
illness to show a significant change is otitis media. 
Operated children have only half as much otitis 
media as controls, and though this reduction is 
not so significant as the figures for respiratory 
illness, it seems to be genuine. 

It is an essential part of this study that the 
incidence of illnesses should not be the only 
criterion of change. One may have a reduction in 
illness, but there may be an increase in severity. 
A better criterion of a child’s health is the dura- 
tion of disability, and it was to obtain accurate 
details of school loss, confinement to bed or to the 
home, and medical attendances, that our system 
of visiting was designed. These numerical values 
are free from many of the uncertainties of diag- 
nosing ‘episodes’ of illness. However, these 
criteria confirm the above trends over the first 
year. 


Table 2 


Comparison of the home confinement in days 
from some illnesses (age 2-15 years) 





Mean No. of days 
home confinement 











——__—_————_ Difference 

154 222 between the Standard 
Class of illness controls operated means error 
Colds 46 3-9 0-7 0-7 
Coughs 2-4 2:8 0-4 0-7 
Sore throats 11-4 1-7 9-7 1:1@ 
Influenza 2:3 1-5 0:8 0-5 
Acute adenitis 0-23 0-26 0-03 0-14 
Total respiratory 
infections 21°5 10-2 11-3 16@ 
Otitis media 1-53 0-52 1-0 0-38@ 
Infectious fevers 4-45 5-30 0-85 1-0 
Gastro-intestinal 0-92 1-57 0-65 0:28@ 
Total illnesses 29-3 19-4 9-9 21¢@ 








@Statistically significant 


Figures for the mean home confinement from 
different illnesses are shown in Table 2. Operated 
children show a mean gain of ten days over the 
year, a 34% reduction in days lost. For respira- 
tory infections this reduction is 53%, mainly 
caused by the improvement in acute sore throats, 
and is very significant. 

A 65% reduction in the home confinement from 
otitis media is also significant and confirms the 
earlier finding of a reduction in the number of 
episodes of this illness. 

The only other class of illness to show a signi- 
ficant change in this respect is the gastrointestinal 
upsets. Here operation seems to result in an in- 
creased duration of illness, though the number of 
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episodes is not significantly changed. Further 
study will clarify this finding. 

The figures for school loss, confinement to bed 
and medical attendances, confirm these changes. 
There is, for example, a 50% reduction after 
operation in the school loss from respiratory ill- 
nesses over the first year. 


Assessment by Age Groups 

The illness experience of these children has been 
reassessed in three age groups: (1) Pre-school 
children, aged 2-4 years inclusive. (2) Early school 
life, aged 5-7 years, when the majority of tonsil- 
lectomies are performed. (3) The later age group, 
aged 8-15 years. 

A significant reduction in illness after operation 
is found in all age groups, for sore throats, total 
respiratory illness and the overall health experi- 
ence. This result is confirmed by separate assess- 
ment of the reduction in episodes, school loss, the 
duration of confinement and medical attendance 
for these illnesses. 

The reduction in otitis media is only seen to be 
significant for children aged 5—7 years, when this 
illness is most common. 


This is an interim report on the study and it 
remains to be seen if these trends are borne out in 
the second year. 

A question arises out of this: “To what part of 
the combined operation, tonsillectomy and 
adenoidectomy, are these changes due?’ This is 
being studied on the same lines. 

This work has been carried out under the 
auspices of the Nuffield Provincial Hospital Trust. 
The author wishes to acknowledge the assistance 
obtained from members of the Steering Commit- 
tee, in particular, Dr D G Leys and Mr J F 
Lipscomb. 


Mr E G Collins (Aberdeen) said that during the 
last thirty years he had taken part in many dis- 
cussions on the tonsil problem. As Mr Thomas 
propounded his thesis, Mr Collins had suspected 
that part of it was delivered more to convince him- 
self than his audience. Though Mr Collins be- 
lieved that tonsillectomy could be very beneficial, 
he agreed with many of the opinions expressed. 
Few would quarrel with Professor Ilingworth’s 
dictum that it was the patient who mattered most. 
Such was the hallmark of any good doctor, and 
laryngologists were fully as conscientious and 
responsible as any other members of the medical 
profession. At one time, undoubtedly, too many 
tonsil operations had been performed, but the 
over-zealous operations were carried out for 
reasons based on lack of knowledge and also in 
the hope of achieving uniformly the same favour- 
able result and improvement in the child’s health 
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that so often occurred. This hope was not realized 
and even yet our lack of knowledge on this sub- 

ject had been by no means dissipated. Like Mr 

Thomas, Mr Collins found the decision of when 

to remove tonsils sometimes extremely difficult. 

The function of the tonsil was the crux of the 
problem. Although, like many others, Mr 
Collins believed that the tonsil had an immuno- 
logical function, the evidence for this was slender 
and for the most part the views of tonsil function 
rested on a mountain of hypothesis. Even the 
painstaking research which Mr Thomas had made 
into Italian literature and beyond the Iron Curtain 
was not entirely convincing. 

Little was known about this, and laryngologists 
were not always logical; many would not hesitate 
to remove tonsils in an adult of, say, 20, who had 
had several sore throats, but would hesitate to do 
so in the child. They comforted themselves by 
saying that the immunological function had now 
passed and the tonsil had become a bed of infec- 
tion. 

Was there any real evidence of this or was it 
merely an opinion that had grown up owing to 
the fact that adenoids tended to atrophy at 
puberty ? 

Nevertheless, this lack of knowledge of tonsil 
function did not justify its wholesale removal and 
the answer to Professor Illingworth’s query as to 
what the consultant should do when he is in doubt 
about tonsil removal is akin to Punch’s advice to 
those about to marry — ‘When in doubt — don’t’, 
but defer the decision about operation for six 
months or longer with re-examination of the 
child. Mr Collins had seen a child three or four 
times before deciding for or against tonsil re- 
moval and he had no reason to regret this. He 
considered that no decision about operation 
should be made when the child was seen in an 
attack of acute or subsiding tonsillitis, though 
occasionally one came across a case where the 
infection was temporarily controlled by chemo- 
therapy or antibiotics but recurred immediately 
these were stopped so that the child’s education 
was disrupted. In such a child it was reasonable 
to postulate that any immunological resistance 
the child had possessed had now been overcome. 

As had been stated, bacteriological investiga- 
tions, from which one might reasonably expect 
some help, had proved a broken reed but further 
advances might be made along these lines when 
knowledge of virology increased. 

There seemed to be a common measure of 
agreement that history was all-important in the 
selection of cases for operation and he would 
concur with this. He agreed with Professor 


Illingworth and Mr Thomas that by and large the 
parent’s description of what constituted a sore 
throat was unreliable and here he made a plea for 
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more detailed information from the general prac- 
titioner. Many were very good about this but far 
too often one received a letter ‘For Ts & As & 
oblige’ with a question mark at the end of it 
which was worse than useless. After all, it was the 
general practitioner who had most knowledge of 

the severity of an attack but he emphasized that 

it was not the parents, not the general practitioner, 

not the school medical officer nor even the 

pediatrician who must make the final decision 

but the laryngologist. 

Both Professor Illingworth and Mr Thomas 
had been inclined to dismiss examination of the 
throat as being of no value. In spite of their state- 
ments and the investigation of Epstein, Mr 
Collins still considered that evidence of fluid pus 
in the tonsil crypts should bear some weight in the 
final decision in favour of operation though it 
should not be the single factor in reaching a 
decision. 

Similarly, he could not disregard entirely 
chronic enlargement of the tonsillar glands. 
Laryngologists were not unaware that chronic en- 
largement of these glands might be due to other 
causes, but he had little hesitation in asserting 
that chronic tonsillar sepsis was the most frequent 
cause. Again, enlarged glands should seldom be 
the single factor in favour of operation and he 
admitted there were considerable variations of 
opinion as to what constituted ‘enlargement’. His 
definition would be ‘easily palpable, and clearly 
visible when the head is turned to the side’. 

The selection of cases for removal of adenoids 
should, in his opinion, be divorced from tonsillec- 
tomy. He agreed with Professor Illingworth that 
on the whole, in a young child, an enlarged 
adenoid mass was more important than enlarged 
tonsils. Nasal obstruction, frequent colds and 
aural symptoms would always lead him to con- 
sider the desirability of adenoid removal. It was 
well known that sinusitis might accompany en- 
larged adenoids and should be sought for on 
clinical examination. Fortunately the majority of 
cases would clear up once proper nasal ventila- 
tion was established though some would require 
concomitant or further treatment. 

He supported Mr Thomas’s appeal for further 
investigations by a British team on this important 
subject and in this respect welcomed the interim 
report of Mr McKee. So far his results approxi- 
mated closely to those of Kaiser and his final 
report was awaited with interest. 

Mr Collins made three assertions on points not 
covered completely in the papers: (1) The stand- 
ard of operative technique in tonsillectomy was 
considerably higher than it had been twenty years 
ago and the stigma of tonsil remnants was a com- 
parative rarity. (2) Not nearly enough attention 
was given to the post-operative care of the child 
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and the establishment of proper nasal ventilation. 
(3) The question of cross-infection from other 
members of the family did not receive the atten- 
tion it deserved. 


Dr D H Garrow (London) said that Dr McKee’s 
figures were undoubtedly significant but what did 
they signify ? After operation it was reasonable to 
suppose that parents would tend to send their 
children off to school more readily and call their 
family doctor less often. His figures would then be 
an indication of the relief of parental anxiety 
rather than a measure of the value of a surgical 
procedure. 

He (Dr Garrow) was a pediatrician and con- 
sidered that the decision as to whether a child 
should have the tonsils and adenoids removed 
should be made by pediatricians. The pedia- 
trician had more time to take a careful history, 
which could not be done in a few minutes. As a 
parent himself he could vouch for the fact that 
histories given in a hurry were often inaccurate. 
It took about three-quarters of an hour to take a 
reasonably adequate history and even then it was 
often difficult to be sure of the actual severity of 
the symptoms. 

Through the courtesy of one of his E.N.T. 
colleagues he had been allowed to study person- 
ally, 20 patients from the Ts & As waiting list. 
Many of these children had remained symptom 
free for a period of three years. In only one case 
had he considered the operation to be indicated. 
This was carried out and the result was extremely 
satisfactory. 
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Dr Hugh Jolly (London), referring to Dr Garrow’s 
statement that the pediatrician was the only 
person who should decide on the removal of 
tonsils and adenoids, said that this statement 
should not go unchallenged and perhaps thereby 
be regarded as the view of all pediatricians. 


He did not consider that it should be for the 
pediatrician to decide, nor the E.N.T. surgeon, 
but rather a combination of both. For the past 
nine years in Plymouth he had worked in a joint 
clinic with an E.N.T. colleague, Mr Dennis 
Barley; by this means he had learnt a great deal 
and they had certainly modified each other’s 
views on the subject. The value of such joint con- 
sultations was inestimable as well as assisting each 
consultant to speak the other’s language. He 
felt it would be wrong if the decision as to the 
removal of tonsils and adenoids should be re- 
garded as the sole prerogative of either specialty. 


Mr R Thomas, referring to Dr McKee’s paper, 
said he had noted the increase of gastro-intestinal 
infections following tonsillectomy and mentioned 
that his own daughter had developed a fulmin- 
ating appendicitis and peritonitis one and a half 
years after tonsillectomy. He had heard of other 
cases. 


He again emphasized that future research 
should be undertaken, not to justify tonsillectomy 
or to try and prove that it was unnecessary, but to 
prevent the diseases which might lead to the 
operation. 
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The Inhibition of Acetylcholinesterase 
by Organophosphorus Compounds 
and its Reversal [{ Abridged | 


by F Hobbiger mp php psc (London) 


Organophosphates with the general structure 
xX pc : 

R,, where R, and R, are substituent 

O(S) 

groups referred to below and X is an organic or 
inorganic acid residue, are widely used as insecti- 
cides. Information concerning their mechanism of 
action is mainly based on results obtained with 
compounds which are per se effective and have as 
R, an alkoxy group, and as R, an alkoxy, alkyl 
or dialkylamido group. To this group (group 1) 
belong dialkylphosphates, e.g. tetraethyl pyro- 
phosphate (TEPP), diethyl-4-nitrophenylphos- 
phate (Paraoxon) and diisopropyl phosphoro- 
fluoridate (DFP), isopropyl methylphosphono- 
fluoridate (Sarin) and ethyl-N-dimethylphosphor- 
amidocyanidate (Tabun). 

Many of the organophosphates used as insec- 
ticides nowadays have a low intrinsic toxicity but 
undergo metabolic activation in vivo (O’Brien 
1960). To this group (group 2) belong thioates, e.g. 
Demeton-methyl, Methylparathion and Mala- 
thion (R,= R,: OCHS), and Systox, Demeton and 
Parathion (R,;=R,: OC,H;). The active meta- 
bolites of thioates are their O-analogues, e.g. 
Parathion —— diethyl-4-nitrophenylphosphate. 
Compounds with a dialkylamido group, e.g. 
Dimefox or OMPA (R,=R,: N(CHs).), are con- 
verted into their N-oxide. 

Organophosphates inhibit mammalian acetyl- 
cholinesterase. The reaction between acetyl- 
cholinesterase and organophosphates (group | or 
metabolites of group 2) is analogous to that be- 
tween acetylcholinesterase and acetyicholine and 
yields phosphorylated acetylcholinesterase. Phos- 
phorylated acetylcholinesterase, however, is much 
more stable than acetylated acetylcholinesterase 
and its spontaneous reactivation by water is the 


Meeting December 14 1960 


Organophosphorus Compounds 


rate-determining step in the reaction. Spontaneous 
reactivation of dimethyl phosphorylacetylcholin- 
esterase at 37°C and pH 7:5 amounts to 50% in 90 
min (Aldridge & Davison 1953). Diethyl phos- 
phorylacetylcholinesterase is approximately twen- 
ty times more stable (Burgen & Hobbiger 1951) 
and no spontaneous reactivation can be demon- 
strated with diisopropyl phosphorylacetylcholin- 
esterase or the phosphorylated acetylicholin- 
esterases formed by Sarin or Tabun. 

Organophosphates by inhibiting acetylcholin- 
esterase by phosphorylation cause an accumula- 
tion of acetylcholine and their administration is 
followed by the typical muscarinic and nicotinic 
symptoms of acetylcholine poisoning. Acute 
death in organophosphate poisoning is due to 
respiratory failure resulting from paralysis of 
respiratory muscles or of the respiratory centre, 
from bronchoconstriction and excessive bronchial 
secretion or from a combination of these effects. 
Impaired circulation undoubtedly is a contribu- 
tory factor. The exact nature of respiratory failure 
varies with species and organophosphate (Holmes 
1953). 

Atropine supported by artificial respiration and 
clearance of the air passages acts as an antidote in 
organophosphate poisoning. An alternative ap- 
proach is based on reactivation of phosphory- 
lated acetylcholinesterase. The most potent re- 
activators are oximes and the following, listed in 
the order of increasing potency, have been investi- 
gated extensively : monoisonitrosoacetone 
(MINA), various salts of N-methyl pyridine-2- 
aldoxime (its iodide is known as P-2-AM, 
2-PAM or PAM), and N,N’-trimethylenebis (pyri- 
dine-4-aldoxime bromide). 

Phosphorylated acetylcholinesterases which can 
be reactivated by oximes are those types which are 
formed initially with dialkylphosphates, Sarin or 
Tabun. In the case of quaternary pyridine al- 
doximes the rate of reactivation follows the order 
diethyl phosphorylacetylcholinesterases > dime- 
thyl phosphorylacetylcholinesterase, phosphory- 
lated acetylcholinesterase formed by Sarin> 
diisopropyl phosphorylacetylcholinesterase > 





404 Proceedings of the Royal Society of Medicine 


phosphorylated acetylcholinesterase formed by 
Tabun. Reactivation has a distinct pH optimum 
because the active species of an oxime is its anion, 
and reactivation can only take place if an acidic 
group at the esteratic site of the enzyme is pro- 
tonated. Reactivation by MINA and quaternary 
pyridine aldoximes also involves the formation of 
a complex between anion of the oxime and phos- 
phorylated acetylcholinesterase and the better 
the orientation between the two the more readily 
reactivation occurs. It is for this reason that at pH 
7-5 the relative reactivating potencies for diethy] 
phosphorylacetylcholinesterase, taking that of 
P-2-AM as 1, are 0-1 for MINA (Davies & Green 
1956), and 22 for N,N’-trimethylenebis (pyridine- 
4-aldoxime bromide) (Hobbiger et al. 1960). At 
pH 7:5 and 37°C 0-012 mM P-2-AM reactivates 
50°% of diethyl phosphorylacetylcholinesterase in 
20 min (Hobbiger et al. 1960). 

On ageing phosphorylated acetylcholinesterase 
is converted into a non-reactivatable form. The 
loss of reactivatability probably is attributable to 
the loss of one alkyl group from the phosphoryl- 
ated enzyme. The rates of formation of a non- 
reactivatable phosphorylated acetylcholinesterase 
at 37°C and pH 7°5 are three hours for diiso- 
propyl phosphorylacetylcholinesterase, six hours 
for the dimethyl derivative and > 24 hours for the 
diethyl derivative (Hobbiger 1956, and unpub- 
lished). The phosphorylated acetylcholinesterase 
formed by Sarin behaves like diisopropyl phos- 
phorylacetylcholinesterase (Davies & Green 1956) 
and that formed by Tabun undergoes ageing more 
rapidly than any other type (I Enander 1960, 
unpublished). 

MINA and quaternary pyridine aldoximes, 
given in amounts which themselves are well 
tolerated, lower the toxicity of those organo- 
phosphates which initially form a reactivatable 
phosphorylated acetylcholinesterase. A_ single 
dose of 0-1 m. mole/kg of N,N’-trimethylenebis 
(pyridine-4-aldoxime bromide), given 5 to 10 
minutes before the organophosphate, raises the 
LD50 of TEPP and DFP in mice 20- and 5-fold 
respectively (Hobbiger & Sadler 1959) whereas 
0-4 m. mole/kg MINA under similar conditions 
raises the LDSO of Sarin in rats 4- to 5-fold 
(Askew 1957). 

The antidotal activity of quaternary pyridine 
aldoximes is greatly increased by atropine. In mice 
injected prophylactically with 0-1 m. mole/kg 
P-2-AM, 0-15 m. mole/kg atropine or a combi- 
nation of both, the LDS0 of TEPP is rasied 2-, 1- 
to 2- and 32-fold respectively (Hobbiger 1957). 
The type of phosphorylated acetylcholinesterase 
which is formed is not the sole factor which deter- 
mines the antidotal activity of P-2-AM since it is 
not the same for all organophosphates which are 
per se phosphorylating agents and form diethyl] 
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phosphorylacetylcholinesterase (Hobbiger 1957). 
Studies of the relationship between antidotal 
action of oximes in poisoning by dialkylphos- 
phates, Sarin or Tabun and reactivation of 
phosphorylated acetylcholinesterase have yielded 
the following information: 
(1) Reactivation of phosphorylated acetylcholin- 
esterases formed by dialkylphosphates (Hobbiger 
1957, Koelle 1957) and Sarin (Rutland 1958) 
occurs together with antidotal action. 
(2) In TEPP poisoning a good correlation exists 
between antidotal activity of quaternary pyridine 
aldoximes and their reactivating potency (Berry 
et al. 1959). Differences between rates of pene- 
tration of oximes into brain probably account for 
the finding that the lipid-insoluble P-2-AM is less 
effective than the lipid-soluble MINA in prevent- 
ing poisoning by Sarin, while the reverse applies 
to their reactivating potencies in vitro (Hobbiger 
1957, Rutland 1958). This interpretation is sup- 
ported by the finding that lipid-soluble oximes 
potentiate the antidotal activity of P-2-AM 
(Wilson 1958). 
(3) Oximes have little or no antidotal activity in 
poisoning by organophosphates which form a 
non-reactivatable phosphorylated acetylcholin- 
esterase. 
(4) Pyridine-2-aldoxime methiodide, in conven- 
tional doses, does not raise the LD50 of physostig- 
mine or neostigmine and N,N’-trimethylenebis 
(pyridine-4-aldoxime bromide) does so only to a 
small extent (Hobbiger & Sadler 1959). 
(5) Antidotal activity of oximes and their ability to 
hydrolyse organophosphates, to inhibit acetyl- 
cholinesterase or to exert other actions, e.g. to 
block actions of acetylcholine or to reactivate 
phosphorylated hydrolytic enzymes in general, 
are unrelated. 

These findings indicate that reactivation of phos- 
phorylated acetylcholinesterase plays an essential 
part in the antidotal action of MINA and quater- 
nary pyridine aldoximes against dialkylphos- 
phates, Sarin and Tabun but that at least in some 
cases other actions of the oximes might contribute 
to it. 

The half-life of oximes in vivo is short and their 
antidotal activity is greatest when they are given 
prophylactically. Their therapeutic usefulness is 
limited by the speedy onset of death when lethal 
doses of organophosphates of group 1 are given; 
in the case of organophosphates of group 2 more 
time is available for therapeutic treatment and 
repeated administration of the oximes gives the 
best results. 

The only oxime so far used in man is P-2-AM 
which has been given in acute Parathion poisoning 
(Namba & Hiraki 1958, Karlog et al. 1958, 
Erdmann 1960). During the early stages of 
poisoning the intravenous infusion of P-2-AM, 
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in combination with atropine, speedily reverses 
symptoms of poisoning and reactivates phos- 
phorylated acetylcholinesterase. When residual 
Parathion is left in the body after the concen- 
tration of P-2-AM has fallen below effective levels 
symptoms and phosphorylation return and no 
reactivation or improvement occurs when the 
phosphorylated acetylcholinesterase is of the 
aged type. 
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Physiological and Clinical Effects 
of Organophosphorus Compounds 


by W SS Ladell mB mrcs LrcP (Salisbury) 


The physiological effects of acute anticholin- 
esterase poisoning are believed to be entirely due 
to the accumulation of acetylcholine (Holmes 
1953). These effects are seen at three main sites: 
(a) At neuromuscular junctions where transient 
overstimulation of the muscles is followed by 
paralysis. (b) In the brain where synaptic trans- 
mission involving acetylcholine is interrupted. 
This is particularly important in the respiratory 
centre. (c) In the autonomic nervous system where 
ganglionic transmission is paralysed and choli- 
nergic nerve endings are over-stimulated. 

The effects at (a) and (4) are lethal as they lead to 
asphyxia; the autonomic effects are not lethal in 
themselves but are the source of most of the signs 
and symptoms, e.g. bronchoconstriction, saliva- 
tion and sweating. 

In sublethal poisoning both primary and secon- 
dary effects can be distinguished. The secondary 
effects are those associated with prolonged cere- 
bral anoxia and may be seen in animals or men 
after recovery from severe poisoning. Sublethal 
poisoning, even without acute symptoms, may 
lead to delayed changes in the central nervous 
system with degeneration of myelinated nerve 
fibres in certain long nerves and spinal tracts and 
the later development in man and other suscep- 
tible species of the syndrome known as ‘ginger 
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paralysis’, or ‘organophosphorus neurotoxicity’. 
There is some evidence that this is not a direct 
anticholinesterase effect (Davies et al. 1960). 

Animals given repeated small doses over a 
period of weeks may develop neurotoxicity as the 
small doses are cumulative. Other than this there 
is no recognizable chronic toxicity; true anti- 
cholinesterase effects are believed to be always 
acute. On the other hand with repeated small 
doses of anticholinesterase at frequent intervals 
the blood, and presumably the brain cholin- 
esterase, falls lower and lower so that the dose of 
anticholinesterases required to precipitate acute 
poisoning becomes progressively less. With this 
type of poisoning inhibited cholinesterase is partly 
replaced and partly reactivated, and the agent 
itself is metabolized and excreted. Animal experi- 
ments show that as much as one-third of an LD50 
of certain anticholinesterases may be absorbed 
daily without deleterious effects. 

The signs and symptoms of acute poisoning in 
the early stages vary with the route of entry. With 
the respiratory route there is bronchoconstriction, 
felt as a tightness in the chest, salivation and 
rhinorrheea; salivation is also seen in the late 
stages in animals when it becomes very marked. 
If the eyes are exposed to an anticholinesterase 
vapour or become contaminated with spray or 
aerosol there is acute miosis; very slight traces 
of an anticholinesterase will produce miosis locally 
in this way, e.g. in the case of Sarin, exposure to 
0-33 mg/cu.m for 15 minutes. In systemic poison- 
ing, however, miosis only occurs with gross in- 
toxication and is almost an indication that a lethal 
dose has been absorbed. Skin contamination may 
result in local fasciculation and sweating, but these 
signs also do not appear in systemic poisoning 
until late. Gastro-intestinal cramps, with de- 
feecation, occur early with oral administration, but 
otherwise are indicative of severe poisoning with 
the absorption of a substantial fraction of a lethal 
dose; convulsive emptying of the bladder is also 
a late sign. Cardiac slowing occurs and is especi- 
ally marked with the intravenous route of 
administration. 

True clinical convulsions are not invariably 
seen. In animals convulsions tend to be limited and 
may in part be anoxic in origin. A large animal 
given a lethal dose of anticholinesterase gradually 
becomes unsteady on its feet, then gently keels 
over, gives a few convulsive jerks and stops 
breathing; a few spasmodic efforts of breathing 
may take place before death and there is a copious 
flow of saliva. At this stage the pupils will be 
closely constricted, and urine and feces may be 
passed. The course of death in untreated anti- 
cholinesterase poisoning in man has rarely been 
described; in insecticide accidents men have 
either been found dead or in extremis or else they 
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have been picked up with early symptoms and 
been treated, when the clinical picture becomes 
distorted. There’ is no direct correlation between 
the cholinesterase depression in the blood and 
signs or symptoms; in general 85 °% or more of the 
red cell cholinesterase may be inhibited before 
there are any overt indications of poisoning. At 
a slightly lower degree of inhibition some men 
develop a general malaise and desire to stay quiet 
and rest, but this malaise can be overcome and 
men poisoned to this extent can still remain active 
and carry out normal routines. At about 90% 
depression gastro-intestinal symptoms may inter- 
vene. The relation between the dose required to 
give 50% cholinesterase inhibition in the blood 
and the LDS0 varies with different agents and with 
different species. It may be as little as 1: 4 or as 
great as 1:16, but in no case does death occur 
until there is virtually complete inhibition of the 
blood cholinesterase and in general there is no 
cause for anxiety if the blood cholinesterase 
level does not fall to less than 25% of its 
normal value. Nevertheless spontaneous reactiv- 
ation of the blood cholinesterase does occur 
and there are recorded cases of proved death by 
anticholinesterase poisoning, e.g. by Parathion, in 
which the cholinesterase level in the blood after 
death has been quite high; this suggests that brain 
cholinesterase may be reactivated more slowly 
than blood cholinesterase. There is also some 
suggestion, however, that with repeated minor ex- 
posures symptoms may occur at slightly higher 
cholinesterase levels (Holmes & Gaon 1956). 

The cause of death in man is anoxia, but in 
warm climates there is an additional hazard as the 
heat regulating centre may also be put out of 
action and there may be alarming rises in the body 
temperature, to heat stroke levels. Artificial respi- 
ration may not therefore be enough to keep a 
casualty alive; he may die, or suffer irreparable 
damage, from hyperpyrexia. 
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The Use of Organophosphorus 
Compounds in Veterinary Medicine 


by S B Kendall php mrcvs (Weybridge) 


At present the number of organophosphorus 
compounds in veterinary medicine is limited but 
there is every reason to believe that a wide range 
will become available. These compounds vary 
greatly in physical and biological properties, and 
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especially in stability, solubility and mode of 
action in vivo (Spencer & O’Brien 1957). Some 
are contact poisons while others act systemically 
after absorption from gut, dermis or mucous 
membrane, in some cases after alteration in the 
body. 


“Available Organophosphorus Compounds 


Among the compounds used in veterinary medicine 

are: 

(1) Neguvon (Bayer 13/59; Dipterex Chlorophos) 
0,0, dimethyl-l-hydroxy-2-trichlorethy] 
phosphonate 

(2) Ruelene: (Dowco 132) 
0-(4 tert. butyl 2 chiorophenyl)-0-methy! 
methylphosphoramidate 

(3) Asuntol: (Bayer 21/199: Muscatox Coumaphos: 
Co-Ral) 
0,0-diethyl 0-3 chloro-4-methyl umbelli- 
feryl phosphorothioate 

(4) Delnav: (Bercotox) 
2 : 3-dioxane dithiol-S-bis (0,0-diethyl 
dithiophosphonate) 

(5) Diazinon: 
0,0 diethyl 0-(2-isopropyl-4-methyl-6- 
pyrimidyl) phosphorothioate 

(6) Etrolene: (Dow ET-57, Ronnel, Trolene) 
0,0 dimethyl 0-2, 4, 5-trichlorphenyl 
phosphorothioate 

For convenience these substances are referred to below 

by their proprietary names. 


Acaricides 

Organophosphorus compounds have been used 
in several countries for the control of ticks but a 
small experiment carried out at Weybridge by my 
colleague Mr W N Beesley, has not confirmed the 
reports of the efficiency of Etrolene against sheep 
scab mite (Psoroptes communis ovis). 

As acaricides, the organophosphorus com- 
pounds have the advantage of being stable in dip 
tanks and some have a long residual effect when 
on the hair or skin of cattle. Larve of boophilus 
were killed twenty-eight days after a spray appli- 
cation of Asuntol (Harbour 1960, personal com- 
munication). Neguvon, by contrast, although its 
effect on ticks may be more rapid, has little resi- 
dual effect. Wood et a/. (1960) showed that 0-1 % 
Delnav gave five to six weeks protection against 
Ixodes ricinus (the only economically important 
tick in Britain). As the major period of activity of 
I. ricinus is for a few weeks only in March—May, 
a Delnav dip in late March or early May just be- 
fore lambing should substantially protect against 
serious infestation. 

Delnav has been successfully used in Australia, 
the U.S.A. and in East and South Africa for tick 
control, and in South Africa Delnav has been 
found effective against strains of boophilus resis- 
tant to Toxaphene and to chlorinated hydro- 
carbons. 
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As dips the organophosphorus compounds have 
the disadvantage that they allow the growth of 
weeds, bacteria, protozoa and fungi and hence 
may encourage the development of mycotic con- 
ditions in the fleece. 


Insecticides 

In Australia, Diazinon has been widely used for 
plunge dipping and shower spraying in the control 
of Lucilia cuprina which has become resistant to 
dieldrin, and Delnav has been used similarly 
against blowflies. At Weybridge sheep sprayed 
with Asuntol resisted artificial infection with 
Lucilia sericata for up to three months. 

Considerable information is available about the 
use of systemic organophosphorus compounds 
for the control of warble-flies in cattle. Here the 
aim is that the insecticide should act against the 
larve of hypoderma during their migration 
through the body (Adkins 1957, MacGregor & 
Bushland 1957). Etrolene has been found to be 
effective when given orally as a bolus or as a sus- 
pension in water, and free-choice feeding to cattle 
has been suggested by Kohler er a/. (1959) and 
Rich (1960). Etrolene does not appear to be 
effective as a systemic insecticide when applied to 
intact skin. 

Co-Ral also is used for the control of warble- 
flies (Smith & Richards 1954, Roth & Eddy 1955). 
Neguvon is too toxic for general oral administra- 
tion, but Rosenberger (1959) has demonstrated 
that dermal application is both safe and effective. 

While none of these organophosphorus com- 
pounds seems to be entirely effective in the control 
of the migrating larve of hypoderma they un- 
doubtedly represent a major advance towards con- 
trol of the parasite. A number of factors, however, 
make effective control of the warble-fly difficult. 
Not the least is the reluctance of the farmer to 
expend much time or money on measures of con- 
trol. The organophosphorus compounds are rela- 
tively expensive and their use for warble-fly con- 
trol would be considerably encouraged if they 
were shown to exert also an anthelmintic effect 
(see Swanson & Collier 1960). 


Anthelmintics 

Several of the organophosphorus compounds have 
been shown to have anthelmintic activity. Negu- 
von, for example, is very effective against adult 
Ostertagia ostertagi and T. axei (Banks & Michel 
1960, Dunsmore 1960) but there is no apparent 
effect against the immature worms of ostertagia. 
Ruelene has been found to be effective in varying 
extents against adult ostertagia, nematodirus, 
strongyloides and 7. axei (Douglas & Baker 1959). 
Alicata (1960) found cooperia very susceptible. 
Asuntol was found effective against hemonchus, 
cooperia, 7. axei and also against the larve of 
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ostertagia by Kingsbury (1960, personal communi- 
cation). 

Etrolene is effective against hemonchus and 
cooperia and to a less extent against strongyloides 
(Gordon 1958, Riek 1958, Riek & Keith 1959). 


The Mode of Action of the Compounds 

Any detailed consideration of the mode of action 
of these compounds is beyond the scope of this 
paper but a few general points of interest may 
be mentioned. 

Acaricides such as Asuntol appear to act solely 
as contact poisons. The effect on fed adult ticks is 
very much slower than that on the immature 
forms. Adults may take two to three days to drop 
to the ground. There appears to be no effect at all 
if the active principle of Asuntol is given orally to 
the infested animal. By contrast the organophos- 
phorus compounds used for warble-fly control 
clearly act systemically. In general it can be 
assumed that the insecticidal effect is due to the 
inhibition of cholinesterase activity, although 
there is evidence (Lord & Potter 1954, Fukuto 
1957) that not all species of insects susceptible to 
organophosphorus compounds possess esterases 
capable of being inhibited and that in some cases 
a high insecticidal action is found without a 
correspondingly high anticholinesterase activity. 


The fact that some compounds, such as Asuntol, 
are effective against the warble-fly grub when 
applied dermally to cattle but ineffective when 
given orally has led to many studies of the meta- 
bolism of organophosphorus compounds. The 
mammalian liver appears to be the organ mainly 
concerned (O’Brien & Wolfe 1959). In some 
mammals (e.g. the mouse) the compound is 
‘activated’ i.e. converted to a potent anticholin- 
esterase analogue and there is no degrading, but 
in the ox degradation is greater than activation. 
In hypoderma which is particularly susceptible to 
organophosphorus poisoning, there is an acti- 
vating but no degrading system. These studies help 
to explain both the selective toxicity of Asuntol 
and the reason why only dermal treatment con- 
trols the grubs. With oral dosing the liver inac- 
tivates the drug before it reaches the larva. 


Toxicity 

Organophosphorus compounds must be regarded 
as potentially toxic to the host as well as the 
parasite and it is necessary to consider possible 
deleterious effects not only on domestic animals 
but also on the human population that handles the 
compounds and that consumes meat and milk 
from treated animals. 


The signs of toxicity in domestic animals have 
been described by Dr Ladell (p. 405) and by Jolly 
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(1957) who gives an account of poisoning in 
cattle after spraying with a thiophosphate deri- 
vative for tick control. Some animals collapsed 
and died within thirty minutes of the onset of 
symptoms. Those which survived were recumbent 
for five to six hours but then recovered. 

In some early experiments at Weybridge Etro- 
lene at dosages of about 250 mg/kg (two and a 
half times those recommended for ordinary use) 
gave rise to characteristic signs of toxicity in 
young calves which recovered in about forty-eight 
hours. Dramatic but transient poisoning has been 
observed at the recommended dosage levels (110 
mg/kg) under field conditions. 

Toxicity may vary according to the route by 
which a compound is administered. Thus Negu- 
von given percutaneously is reported to be much 
less toxic than when given orally although it re- 
tains its parasiticidal efficacy (Rosenberger 1959). 
Holmstedt (1959) demonstrated that percutaneous 
absorption of organophosphorus compounds was 
a relatively slow process and that enzymes in the 
skin were capable of hydrolysing the compounds 
before they reached the blood stream. Minor skin 
injuries may reduce the resistance to absorption 
and result in a considerable increase in toxicity. 

It seems likely that the different behaviour of 
some compounds according to the route of ad- 
ministration may be explained partly in terms of 
liver metabolism and partly as the result of skin 
hydrolysis. 


Toxicity to Man 

The hazards associated with the handling of toxic 
substances are usually predictable and can be 
guarded against. The possible hazard to the 
population at large as the result of consuming 
toxic residues in food must not be exaggerated but 
nevertheless needs consideration in view of the 
increasing use of phosphorus compounds in dif- 
ferent branches of agriculture. The persistence of 
these compounds in animal tissues is likely to vary 
considerably. Neguvon, for example, which is 
water soluble appears to be rapidly destroyed in 
the mammalian body and little is detectable after 
about twelve hours (Harbour 1960, personal com- 
munication). Each case will need to be considered 
on its merit. In Britain the use of compounds 
for the control of warble-flies is restricted by vol- 
untary agreement with the manufacturers. 
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Conclusion 

From the practical point of view the develop- 
ment of the organophosphorus compounds has 
already resulted in some worthwhile advances and 
there is little doubt that other compounds, per- 
haps with a broader spectrum of activity against 
the parasites and a lower toxicity to their hosts 
will be forthcoming. A very great field for further 
research remains, particularly along the lines 
suggested by the observation that both toxicity 
and parasiticidal activity may vary very markedly 
not only as between related animal species but 
also according to the route by which the organo- 
phosphorus compounds are administered. 


Acknowledgment: The author’s thanks are due to 
Mr H E Harbour of Messrs Cooper McDougall 
& Robertson Ltd for making available unpub- 
lished information on organophosphorus dips. 
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Pathological Changes in Mummies 


by J Thompson Rowling Mchir Frcs (Sheffield) 


Mummification 
The motives which lay behind the Egyptian prac- 
tice of mummification have been a source of 
interest for over two thousand years. St Augustine, 
in his sermon ‘De Resurrectione Mortuorum’, 
remarks: ‘I suppose then that the only people who 
believe in the resurrection are the Egyptians, who 
carefully preserve the bodies of the dead’. 
Diodorus Siculus believed that their purpose was 
to preserve the identity of the dead for the edifica- 
tion of the living. ‘By which means, many of the 
Egyptians laying up the bodies of their ancestors 
in stately monuments perfectly see the true visage 
and countenance of those that were buried many 
ages before they themselves were born. So that, 
in viewing the proportion of every one of their 
bodies and the lineaments of their faces, they take 
exceeding great delight’. In this he was mistaken. 
Bellonius, writing in 1553, states that: ‘The 
Egyptians, who believed in the resurrection of the 
dead, made great efforts to preserve in their 
bodies their constituents of air, earth, fire and 
water’. i 

The inscriptions and papyri of Egypt, more 
particularly the recensions of the Book of the 
Dead, contain references to eight individual 
entities which together made up the soul. The 
Sahu, or spiritual body, was dependent on the 
temporal body, the Khat, and this interdepend- 
ence involved the other parts of the soul also. An 
inscription on the wrappings of the mummy of 
Thutmosis III, taken from the 154th chapter of 
the Book of the Dead, reads: ‘Hail to thee, O my 
father Osiris, I have come and I have embalmed 
this my flesh so that my body (Khat) may not 
decay’. The other parts of the soul, also dependent 
on the Khat, were the Ka or spiritual double, the 
Bai or blessed part of the soul, the Khaibit or 
shadow, the Ab or heart, the Ren or name of the 
man, and the Khu and Sekhem which were the 
intelligence and vital force of the spirit. It was 
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therefore essential that the physical body should 
be preserved, and mummification thus became a 
necessity. 

The Rubric of the 31st chapter of the Book of 

the Dead summarizes the purpose of mummifica- 
tion: ‘He shall come forth by day, he shall rise up 
to walk upon the earth among the living, and he 
shall never fail and come to an end, never, never, 
never’. 
The technique of mummification: The Egyptians 
wrote surprisingly little about their methods of 
mummification and most of our knowledge of the 
process is derived from accounts by Herodotus 
and Diodorus Siculus, taken in conjunction with 
findings in mummies at the present time. The 
papyrus of the Ritual of Embalming, the Rhind 
papyri and the inscriptions from the tombs of 
Thoy and Amenope give some information also, 
as do references by Porphyry, Plutarch, Strabo 
and Pliny. 

The methods used varied in different periods, 
but reached their highest development in the 
XXI Dynasty (about 1090 B.c.). The whole pro- 
cess, including the ritual bandaging, took exactly 
seventy days, neither more nor less, of which 
between thirty and forty were devoted to the 
actual embalming of the body. 

The brain was first removed through the nostril, 
an opening being made through the ethmoid 
plate which frequently transgressed the sella 
turcica. The abdomen was then opened, either 
through a left paramedian incision, or sometimes 
One approximating to a Rutherford Morison 
incision, invariably on the left which was the side 
appropriate to death. (The Secret Book of the 
Physician, found in the Papyrus Ebers and the 
Berlin Medical Papyrus states: ‘The Breath of 
Life enters into the Right side, and the Breath of 
Death enters into the Left side.”) The abdominal 
viscera were removed, with the exception of the 
kidneys. The diaphragm was then incised from 
within the abdomen and both lungs were removed, 
leaving the heart in situ. It is no easy matter to 
remove the right lung through a left abdominal 
incision, and sometimes the heart was removed in 
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error, but when this occurred it was always 
restored to the chest. The body was then treated 
with natron, possibly dry, or possibly in solution 
in a bath or jar. The viscera were also washed in 
natron. (Natron is a naturally occurring mineral, 
found in three main sites in Egypt, and consisting 
largely of sodium carbonate, sodium bicarbonate 
and salt in varying proportions.) 

Before the XXI Dynasty the viscera were placed 
in four Canopic jars, each bearing the head of one 
of the four Children of Horus into whose care the 
viscus was entrusted. After the XXI Dynasty the 
viscera were restored to the abdomen in four 
parcels, each of which contained a wax image of 
the appropriate deity. The human-headed Imsety 
was protector of the liver, the jackal-headed 
Duamutef guarded the stomach; Hapi, with the 
head of an ape, was custodian of the lungs and 
Quebeh Snewef, who was hawk-headed, protected 
the intestines. (The term ‘Canopic’ is derived from 
the legend that Canopus, the pilot of Menelaus, 
was buried in the town of Canopus on the Delta, 
and worshipped there under the form of a jar.) 

The body cavity was then packed. Various 
materials were used, all having a spiritual signi- 
ficance. Sawdust, particularly from cedar wood, 
resin, linen and mud from the Nile, the source of 
life, being the commonest. The outline of the 
limbs, trunk and face was restored by subcutane- 
ous packing through small incisions. A mixture of 
fat and natron, resin, linen or mud was used for 
this. The skin was rubbed with ointments, prob- 
ably aromatic preservatives, such as myrrh, 
frankincense and cinnamon, made up in a fatty 
base. The embalming incision was usually left 
open and sealed with a plate made of wax, copper 
or gold, on which was engraved the Eye of Horus, 
but occasionally it was closed with a running 
suture of linen. The body was bandaged, prayers 
and ceremonies accompanying the application of 
each wrapping. It is to this process that the Ritual 
of Embalming is devoted. 

The word ‘mummy’ is derived from the Persian 
Mumia or Mumiya meaning pitch. The term 
‘mum’ has also survived in both Coptic and 
Arabic meaning wax, and in Arabic Mumia 
denotes a preserved body. Our present usage of 
embalming — from the Latin in balsamum — is 
more appropriate, balsam connoting a resin 
which was one of the principal preservatives used 
by the Egyptians. 

The methods of study of mummies: There is no 
doubt that mummies have deteriorated consider- 
ably during the last two thousand years. A 
Ptolemaic papyrus refers to a tomb robbery in 
which the door of the tomb was left open, and 
‘the well-preserved bodies had suffered from 
wolves, which had partly devoured them’. No 
modern wolf would be tempted by a mummy and 
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it is doubtful if the standards of archaic wolves 
differed much from those of to-day. 

There is also no doubt that the unwrapping of a 
mummy, or even unsealing the coffin, affects it 
adversely. The Ramesside mummy in Leeds was 
partly dissected in 1827, by Richard Hey, but at 
the present time it is hard, dry, friable and brittle, 
and any dissection would be quite impossible. In 
a Ptolemaic mummy dissected by Granville in 
1825 the viscera are still preserved, but are re- 
duced to dry fragile tissues, which crumble on 
handling. However, soft-tissue pathology can fre- 
quently be recognized, and bony pathology re- 
mains relatively unaltered. The radiographic 
appearance of bones is virtually unaltered, and 
Harris’s lines can even be recognized on occasion. 
Histology: Early attempts at preparing histo- 
logical sections were unsuccessful as the tissues 
were far too hard and brittle to cut dry, and far 
too soft and jelly-like when rehydrated with 
saline, but some fifty-five years ago Ruffer (1910) 
combined a hardening agent, such as formol, with 
the rehydrating solution. By this means the tissues 
regain their original consistency and are fixed at 
the same time. After a few days’ treatment they 
can be embedded, cut and stained like fresh 
material. One of the most successful demonstra- 
tions of this took place in 1909 when Shattock 
presented sections of the Pharaoh Meneptah 
before this Society. This rehydration of the tissues 
forms a curiously close parallel with the cere- 
monies of lustration, by which moisture was 
restored to the mummy, and therefore to the 
Sahu, immediately before burial. 

The histological appearances vary immensely. 
Occasionally very good definition is obtained, but 
nuclei and cell details are rarely seen. The collagen 
tissues are invariably the best preserved. Fig | 
shows part of the trachea of a predynastic body, 
now approximately 6,000 years old. Fig 2 demon- 
strates the cesophagus of a Ptolemaic mummy and 
Fig 3 the popliteal artery of a Coptic body. 

Inflammatory changes can be demonstrated 
histologically, the best example being the pneu- 
monic changes shown in the lung of a New 
Empire mummy by Shaw in 1938, but, to the best 
of my knowledge, no new growth has ever been 
described. 


Pathological Changes in Mummies 

It is worth noting that the pathological changes 
found in the mummy or Khat did not persist into 
the hereafter to affect the spiritual body or Sahu. 
The 69th chapter of the Book of the Dead, from 
the papyrus of Mes-em-neter, reads: ‘I have be- 
come a spirit, I have been judged, I have come 
and I have avenged mine own body. I have taken 
up my seat by the divine birthchamber of Osiris 
and I have destroyed the sickness and suffering 
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Fig 1 Section through the trachea from a predynastic 
body now in the British Museum. * 85 


Fig 3 Section of the popliteal artery of a Coptic body 
(Nubian collection, R.C.S.). X45 





Fig 2 Section through the esophagus of Granville’s 
mummy (Ptolemaic period). Magnification «65 


which were there. I have become mighty, and I 
have become a divine being’. The ‘birthchamber 
of Osiris’ probably refers to the embalming 
chamber, or to the tomb, where the soul, identi- 
fied with Osiris, is liberated, the disease which 
caused death being avenged and destroyed. 

A brief review of some of the better known 
pathological changes found in mummies is given 
here. 


Congenital Lesions 

Hydrocephalus: The Royal College of Surgeons 
possesses a skull which shows unequivocal changes 
of hydrocephalus (Fig 4). This forms part of the 
Nubian collection which is a tribute to the work 
of the late Professor Wood-Jones. The mummy 
was that of a young woman. The circumference of 
the skull is 65 cm. 

Two other doubtful cases exist. The first is that 
of the mummy of Smenkere, originally thought 
to be that of Akhenaton, which both Smith (1912) 
and Ferguson believed to have hydrocephalus. 
Their opinion, however, has not been altogether 
upheld by subsequent examination. The circum- 
ference of the skull is 54-5 cm. The second is that 
of one of the daughters of Akhenaton, a small 
statue of whom strongly suggests the presence of 
hydrocephalus. It is known that one of his 
daughters, Meketaton, died at the age of 9. 


Talipes: The earliest known case dates from the 
XII Dynasty, (2000 B.c.). The left foot of the 
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Fig 4 The skull of a young woman with hydrocephalus 
(Nubian collection, R.C.S.) 


mummy of Khnumu Nekht, now in Manchester, 
shows a gross adduction deformity (Fig. 5). The 
ankle-joint is normal and there is no trace of 
secondary arthritis. The Pharaoh Siptah suffered 
from a marked equinovarus deformity, also of the 
left foot, but it is interesting to note that this is not 
reproduced in contemporary portraits. 


Bilateral parietal thinning was noted by Egyptolo- 
gists many years ago and has recently attracted 
the attention of radiologists as a contemporary 
phenomenon (Steinbach & Obata 1957), although 
the fact that both were concerned with the same 
entity has not been appreciated. The condition 
consists of a symptomless depression over both 
parietal bones, associated with thinning of the 
bones chiefly affecting the outer table. Egyptian 
examples are seen in the mummies of Thutmosis 
IIf and Meritamon, in the New Empire period, 
and in Khety, from the Middle Kingdom, whose 
skull is in the British Museum (Fig. 6). 


Hernia: The hundred and sixth column of the 
papyrus Ebers reads: ‘If thou examinest a swelling 
of the coverings of his belly’s horns, above his 
pudenda, then shalt thou place thy finger on it 
and examine his belly, and knock on thy fingers; 
if thou examinest his . . . that has come out and 
hast risen by his cough, then shalt thou say con- 
cerning it: it is a swelling of the covering of his 
belly, it is a disease which I will treat. It is heat on 
the bladder in front in his belly which causes it 
to fall downwards, and the return is likewise.’ 

We have no conclusive objective evidence of 
hernia in mummies, but the scrotum of Rameses V 
is very bulky and obviously contained either a 
hernia or swelling associated with the testis. The 








Fig 5 Equinus deformity in the left foot. Khnumu Nekht. 
XII Dynasty. (Manchester Museum) 





Fig 6 Bilateral parietal thinning. Khety. XII Dynasty. 
(British Museum) 


scrotum of the Pharaoh Meneptah was removed 
before the process of embalming was completed - 
an exceptional procedure — and may have con- 
tained a strangulated hernia. 


Inflammatory Lesions 

Otitis media and mastoiditis: The medical papyri 
contain many references to remedies for painful 
and discharging ears, and many examples of 
apparent mastoid disease are seen in mummies. 
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However, these changes must be accepted with 
reserve, as they can be mimicked extraordinarily 
closely by the attacks of insects on the mummy. 
Petrie even went so far as to consider whether the 
changes were anthropophagic, and Fourget and 
Lortet both attributed them to syphilis. It was left 
to Elliot Smith (1908) to point out the true nature 
of the lesions. The Egyptians themselves, how- 
ever, were under no delusions as to the cause of 
the destruction. The 36th chapter of the Book of 
the Dead is devoted to the means of driving away 
the insect Apshait. The chapter begins: ‘Depart 
from me, O thou who hast lips that gnaw, for Iam 
Khnemu, the lord of Peshennu .. .” 

Pneumonia: The viscera of the mummy of Har 
Mose, of the New Empire period, show unequi- 
vocal changes of pneumonia when examined 
microscopically (Shaw 1938). Ruffer (1910) has 
described two cases of pneumonia, one showing 
hepatization, both confirmed histologically. 
Appendicitis: As might be expected, evidence of 
appendicitis has not been found in embalmed 
bodies, where the viscera were removed. One 
case, in a Byzantine body, is known. The appen- 
dix was firmly adherent to the left side of the pelvis. 
Smallpox: The mummy of Rameses V shows a 
papular eruption over the face, lower abdominal 
wall and thighs, which is compatible with a diag- 
nosis of smallpox. A similar case in a mummy of 
the XVIII Dynasty is described by Ruffer & 
Ferguson (1911) who obtained histological sec- 
tions of the skin and demonstrated the vesicles 
with their characteristic vertical septa. 

Pott’s disease: Many examples of Pott’s disease 
are known from most periods of Egyptian history. 
The finest is probably that of a Priest of Amon of 
the XXI Dynasty, showing a typical gibbous 
deformity and a right psoas abscess. Although 
Egyptian bacteria are usually well seen in histo- 
logical sections, it is curious that no acid-fast 
bacilli have ever been described, although 
attempts to demonstrate them have been made. 
Leprosy: There is little evidence to suggest that 
leprosy was common in Egypt. The Nubian col- 
lection contains one excellent specimen, dating 
from Coptic times, of the hands and feet of a body 
affected by advanced leprosy. 

Bilharzia: This probably corresponds to the aaa 
disease of the medical papyri. Certainly hema- 
turia was frequently mentioned, although very 
few details are given which would give a clue to 
its cause. The presence of bilharzial ova was 
demonstrated by Ruffer in 1910 in the kidneys of 
two mummies of the XX Dynasty. Some years 
earlier, in 1905, Shattock had specifically searched 
for ova in a vesical calculus, but had failed to find 
them. Steuer & Saunders (1959), relate the 
hematuria of aaa disease to the parasite Arr.t, 
which they believe was recognized by the 


Section of the History of Medicine 413 


Egyptians as the causative agent. The evidence 
for this, however, is not entirely conclusive. 


New Growths 

New growths in Egypt were rare, as judged by the 
objective evidence found in mummies, and also by 
the references in the medical papyri. In the latter, 
the ‘Tumours of the god Chonsu’, although ex- 
tremely obscure, are at least compatible with a 
diagnosis of multiple secondary deposits, and the 
injunction that they are not to be treated supports 
this suggestion. This rarity may in part be due to 
the relatively low life expectancy in Egypt. In a 
series of 45 mummies of the New Empire period 
the life expectancy averaged thirty-nine years. (In 
spite of this, the traditional limit of life in Egypt 
was 110 years, corresponding to the Biblical 
three score years and ten. It was a common cus- 
tom to express the wish that a person might attain 
that age, although to exceed it was improper.) 
Osteochondroma: Fig 7 shows a lesion in the 
femur of an Old Kingdom mummy which has 
previously described (Smith & Dawson 1924) as an 
osteogenic sarcoma. However, the lower femoral 
epiphysis is fused, and the bone shows no evidence 
of periosteal reaction, nor does the growth show 
any spiculation. The evidence points to a diagnosis 
of osteochondroma rather than sarcoma. 





Fig 7 Osteochondroma of the femur. Old Kingdom 
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Ovarian cyst: In 1825 Granville dissected a 
female mummy, the results of which he reported 
to the Royal Society and whose cesophagus is 
shown in Fig 2. The abdominal skin was wrinkled, 
suggesting either a large cyst or ante-mortem 
ascites, and the cause of death was given as 
follows: ‘The ovarium and broad ligament of the 
right side were enveloped in a mass of diseased 
structure, . . . the uterus was larger than normal 
while the remains of a sac were found connected 
with the left ovarium, all of which, connected 
with the appearance of the abdominal integu- 
ments, leave no doubt of ovarian dropsy having 
been the disease under which the individual 
suffered.’ This may well have been bilateral malig- 
nant cystadenomata of the ovaries. 

Meningioma: Professor Lambert Rogers (1949) 
has described two excellent examples of menin- 
giomata dating from the I and XX Dynasties. 
Both skulls show hyperostoses typical of the con- 
dition. Unfortunately no soft tissues survive. 
Other tumours: Carcinoma of the rectum and 
ethmoid have both been described in Byzantine 
bodies, the evidence being largely that of bony 
destruction of the skull and sacrum. 


Degenerations 

Atheroma: There is no doubt that atheroma was 
extremely common in Egypt. The mortuary in- 
scription of Weshptah, who was architect, vizier 
and chief justice to the Pharaoh Neferirkere in 
the V Dynasty, describes his death, which was in 
all probability due to cerebral hemorrhage. The 
Pharaoh was inspecting a new temple. ‘Then, lo, 
his majesty praised him because of it. His majesty 
saw him, however, that he heard not. He was con- 
veyed to the court and his majesty had the royal 
children, companions, ritual priests, and chief 
physicians come. His majesty had brought for 
him a case of writings. They said before his 
majesty that he was lost (i.e. in extremis).’ 

The papyrus Ebers refers to hemiplegia, and an 
association between disease of the ‘vessels of the 
thigh’ and foot conditions — possibly gangrene — 
is noted; this association may be quite fortuitous. 
The mummies of Meneptah and Rameses II both 
show evidence of gross atheroma, the latter having 
calcified superficial temporal arteries. Ruffer 
(1911) has described the appearance of the arteries 
in a series of 24 mummies, the majority of which 
showed gross atheromatous changes, some having 
completely calcified limb arteries. 


Calculi: One example of gallstones is known: the 
liver of a priestess of Amen of the XXI Dynasty, 
shows a beautifully outlined gall-bladder, packed 
with stones. Vesical calculi have been recorded 
occasionally. Ruffer (1910) described mixed phos- 
phate and uric acid stones in a predynastic body, 
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the largest weighing 30 g. A uric acid stone, found 
in the mummy of a priest of Amen of the XXI 
Dynasty, was analysed by Shattock (1905) and 
found to consist of uric acid. Three cases of renal 
calculi have been described. 

Gout: One excellent example of gout, in a Coptic 
body, is known. The feet show gross changes in 
all the joints, which are associated with gouty 
tophi. These were first analysed by Schmidt in 
1908 and a further analysis last year confirms the 
presence of uric acid and urates. 

Bedsores: The mummy of an elderly priestess of 
Amen of the XXI Dynasty has large bedsores 
over the buttocks and shoulders. These have 
been covered by the embalmers with pieces of soft 
leather, probably gazelle skin. As the mummy was 
wrapped before leaving the embalming chamber 
it is reasonable to suppose that this was done for 
the benefit of the dead rather than the living, the 
interdependence of the Khat and Sahu again 
being demonstrated. The ‘skin graft’ is curiously 
reminiscent of one of the Gaelic legends of Finn 
Macoul, who applied a sheepskin graft to the back 
of Conan after an injury, who ‘ever afterwards 
grew wool there’. 


Ankylosing spondylitis was very common through- 
out Egypt, but was not confined to the Egyptians. 
Nearly every skeleton of the men of Alexander’s 
army buried at Alexandria shows some evidence 
of the condition; 40° of these were Thracians, 
and the rest of mixed origin. 


Diseases Notable by Their Absence 

The extraordinary lack of malignant epithelial 
tumours has been noted. There is no evidence of 
syphilis in Egypt, and it is now generally accepted 
that the disease, as we know it, did not exist there. 
There is also no recorded instance of hallux valgus 
in either Egyptian mummies or portraits; this is 
undoubtedly related to the wearing of sandals 
rather than shoes, the Egyptian sandal having a 
strap between the first and second toes. 
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The Historical and Prehistorical 
Background of Ankylosing Spondylitis 
by P A Zorab mp rcp (London) 


No, Time, thou shalt not boast that I do change: 

Thy pyramids built up with newer might 

To me are nothing novel, nothing strange; 

They are but dressings of a former sight. 

Our dates are brief, and therefore we admire 

What thou dost foist upon us that is old, 

And rather make them born to our desire, 

Than think that we before have heard them told. 
W. Shakespeare. 


In the early years of this century before the First 
World War, a member of the Geological Museum 
staff in Cairo, M. Fourteau (1920), was digging 
near Hateyet-el-Moghareh, a lake of the Mariut 
desert, when he found part of the remains of a 
crocodile. The specimen, probably Tomistoma 
dowsoni, was lying in a Burdigalian stratum of the 
lower Miocene period and was at least 900,000 
years old. It consisted of two vertebre which 
might have been the last lumbar or first caudal 
vertebre and showed thick bands of osseous 
tissues, obviously pathological, firmly binding 
the two vertebre together. Sir Armand Ruffer 
(1921), who subsequently examined the specimen, 
concluded that ‘the pathological lesions which 
crippled the vertebral column of a crocodile living 
not less than 900,000 years ago are exactly similar 
to those of spondylitis deformans seen in modern 
human beings’. 

By a coincidence a similar finding occurred in 
the early 1920s, when Dr Moodie found in the 
Pleistocene of Cuba some vertebre of another 
moderate sized crocodile. In this specimen he 
describes ‘a deforming arthritis, a typical example 
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of spondylitis deformans, occurring in the pos- 
terior thoracic and lumbar regions.’ (Moodie 
1931). 

The disease described in the pre-historic remains 
of crocodiles has also been found in many other 
animals, including a cave bear (Ursus spelaeus) 
collected from the Sundrich caves near Iserléhn 
by Saak in 1824 (Ruffer 1921), sheep and oxen of 
ancient Egypt, and the sacred monkeys of its 
ancient temples at Thebes. In all these typical 
ossification of the vertebral ligaments was seen 
identical with that occurring in human beings 
suffering from spondylitis deformans (Ruffer 1921) 
The situation is summarized by Moodie (1923, 
1931) who writes ‘apes, cattle, horses, the giant 
wolf, the sabre-toothed tiger, camels, eocene 
mammals, crocodiles and dinosaurs have all left 
evidence in their skeletons of an ankylosing 
spondylitis which in their lifetime thousands of 
years ago must surely have severely limited their 
movement and caused them considerable pain’. 
‘Thousands of years ago’ is an understatement, 
for some of the animals he mentioned lived at 
least a million and a half years ago. They were 
discovered in 1911 by Merriam in the South 
Californian Pleistocene at Rancho la Brea, pre- 
served there by the tar lake in which they had 
originally been trapped. Others, the dinosaur for 
example, lived in the Mesozoic era. The disease is 
known to have existed in the Triassic period and 
the remains of one animal with spondylitis defor- 
mans were recovered from the Comanchean of 
Wyoming. 

I examined the fossil amphibians and reptiles in 
the Natural History Museum to try to verify some 
of these observations. This wonderful collection is 
so well displayed and many of the animals are so 
big that by walking round one can inspect the 
backbone and pelvic girdle very thoroughly. | 
found that only a few of them had spinal osteo- 
arthritic outgrowths, but one was most interest- 
ing. This was the fossilized skeleton of an armour- 
ed dinosaur, Polacanthus foxi. It is a British dino- 
saur, excavated in the Isle of Wight in 1865. The 
armour consists of a series of spines along the neck 
and tail and a heavy bony plate on the back. 
Beneath this plate, about the middle of the back- 
bone, five or six of the vertebre are united by 
what must have originally been calcification of 
the spinal ligaments. They have that same bam- 
boo-like appearance, though fossilized and prob- 
ably 140,000,000 years old, which one associates 
with ankylosing spondylitis. The opinion of the 
Keeper, Dr Swinton (1958), however, is that it 
may also have been a normal development, com- 
parable to fusion of the sacral vertebra in man 
occurring to provide increased strength of the 
spine beneath the armour. 

It is not easy to envisage at what periods in the 
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long history of animal evolution these animals 
lived, nor to guess when the diseases first occurred. 
Table 1 provides a brief guide showing that 
spondylitis deformans is millions of years older 
than mankind. It existed when the world was 
largely inhabited by fish, amphibians, giant rep- 
tiles, toothed and other birds, dinosaurs and a few 
small mammals. Many ages were to elapse before 
even the earliest Miocene man (Telanthropus 
capensis) emerged in the Cenozoic age. 


Table 1 
A geological chart showing when spondylitis 
deformans first occurred 





Oldest fossils and 
marine invertebrates 


Proterozoic 
Over 2,000 
million years 


Osteomyelitis, 


Paleozoic Cambrian: Marine fauna 
500-200 Ordovician: Armoured fish parasitism, 
million Silurian: First air breathers caries 
years Devonian: Land vertebrates 
Carboniferous: Amphibians 
First reptiles 
Permian: Armoured amphibians 
Mesozoic Triassic ‘Dinosaurs Osteomata, 
200-70 Jurassic: Birds, small mammals osteo-sarcomata, 
million Comanchean: Giant reptiles arthritis 
years Cretaceous: Toothed birds Spondylitis 
deformans 
Cenozoic Eocene’(70 million): Higher Osteomyelitis, 
70 million mammals actinomycosis, 
years Oligocene (50 million) Spondylitis 
onwards Miocene (35 million): Miocene deformans 
man (Telanthropus capensis) 
and anthropoidal apes 
Pliocene (15 million — 1 million): 
Pleistocene (1 million onwards): 
Australopithecene man 
Pithecanthropic, Atlanthropic, 
Neanderthal, Cro-magnon 
Recent Egyptian Many diseases, 
Peruvian and including 
other civilizations spondylitis 
‘ deformans 





The disease which was so widely spread 
throughout the animal kingdom in the past may 
also be found amongst preseni-day animals. 

In the osteological section of the Natural 
History Museum in South Kensington there are 
skeletons from a wide variety of vertebrate 
animals. These specimens are chosen as being 
good examples of normal animals and diseased 
skeletons might not therefore be expected. Never- 
theless an examination revealed two typical 
examples of ossification of the spinal ligaments. 
The first is that of an ox (Bos indicus) brought 
from India and shows very well the rigidity of the 
spine at the mid-thoracic level with damage of the 
costovertebral joints. 

The second example is of a young monk seal 
(Monachus monachus): born on the shores of the 
Canary Islands its normal habitat is the Western 
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Mediterranean. Here there is quite marked ossi- 
fication of the anterior and lateral spinal liga- 
ments. As frequently occurs in ankylosing spondy- 
litis the intervertebral joint spaces and the verte- 
bral bodies are normal. No osteophytic out- 
growths can be seen. Indeed the vertebre2 com- 
pare well with those of the other specimen of this 
animal in the Museum which show severe lumbo- 
sacral osteoarthritis with destruction of the lum- 
bar-sacral joint. The disease, prevalent in the 
animal kingdom for so long, has also been wide- 
spread in man and he too is known to have 
suffered from it in early times. 

Many physicians in the past have written on 
this ankylosing spondylitis, but one of the earliest 
attempts at a pathological account is by Connor 
who in 1694-5 describec a skeleton found in a 
French churchyard or charnel house in which the 
vertebre and ribs ‘were so straightly and inti- 
mately joined, their Ligaments perfectly Bony, and 
their Articulations so effaced, that they really 
made but one uniform continuous Bone; so that it 
was as easy to break one of the Vertebre into two, 
as to disjoint or separate it from the other 
Vertebre, or the Ribs’. 

It was not, however, until the latter part of the 
last century that the disease came to be regarded 
as a separate entity, and more accurate attempts 
to understand its pathology were made. Davies- 
Colley (1885) Wilks, and Fagge (1877) had al- 
ready described the disease in patients attending 
Guy’s Hospital. It was a few years later that Bech- 
terew in Russia, Striimpell in Germany and Marie 
in France reported cases. Bechterew (1892) des- 
cribed an upper dorsal type of case, but one 
which was complicated by meningeal involve- 
ment with degeneration of the spinal cord and in 
which there was degeneration of the interverte- 
bral discs. Striimpell (1884) briefly referred to 2 
cases which he had seen ‘of a remarkable and 
unique disorder leading very gradually and pain- 
lessly to a complete ankylosis of the entire spinal 
column and hip joints’. But it was not by any 
means so detailed an account as that which 
followed in 1898 by Marie. Until this time no 
very clear differentiation had been made between 
this and other forms of spinal arthritis. Indeed, 
Pierre Marie in his memoirs remarks that the first 
of the 3 original cases which he described whilst 
working in Charcot’s clinic suggested the possi- 
bility of Paget’s disease of bone. In these cases 
there was complete fixity of the chest, the spine 
being ‘fait rigide comme un baton’. Marie 
obtained an autopsy on 2 cases and then showed 
that the lesions present in the spine consisted 
essentially ‘en-une ossification tout particuliére- 
ment localis¢e aux ligaments; aux bourrelets et 
aux menisques articulaires’. Connor’s account two 
hundred years earlier is perhaps even more des- 
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criptive: ‘a layer of new bone may be seen cover- 
ing the whole length of dorsal and lumbar spine 
as if some soft liquid osseous material had been 
poured over them and this had subsequently 
hardened’ (Connor 1694). 

The disease is also known to have occurred in 
very much earlier times. There are many excellent 
accounts of its occurrence in ancient man, some 
written as long ago as the early part of the last 
century, but most of them within the last fifty 
years. It has been found in Swedish skeletons of 
neolithic times (Fiirst 1914), in a middle-aged 
male Jute of the Bronze Age (Parsons 1913), in 
Germans of pre-Roman days (von Hélder 1895) 
and in skeletons from a Viking ship of the tenth 
century A.D. (Nicoloysen 1882). 

Pizon (1956) has recently given an account of 
an examination of the bones of four members of 
the Medici family in 1945 during their removal 
and replacement in the church of San Lorenzo in 
Florence. Cosmo the Elder (1439-1464) was 
found to have ankylosing spondylitis of the spine 
and his son Pietro (Peter the Gouty) was likewise 
affected, there being also extensive arthritis in the 
limbs in his case. The disease cannot, however, 
have caused much obvious deformity during the 
lifetime of Pietro; at least none is evident in the 
portrait of him by Angelo Bronzino (Florentine 
School 1503-1572) which I found stored in the 
National Gallery basement. His head is held erect 
and turned towards the painter, though the rigid 
kyphosis so often seen in ankylosing spondylitis 
may have deliberately not been shown. 

By far the most detailed and extensive inquiries, 
however, into the history of the condition are 
those of Elliot Smith & Wood-Jones (1910) in 
Nubia and of Ruffer (1913) in Egypt. 

Ruffer (1921) gives an excellent description of 
ankylosing spondylitis as it occurred in ancient 
Egypt and Nubia during predynastic, dynastic, 
Greek, Roman and Coptic times, that is, in the last 
8,000 years. He describes in great detail the 
appearance of many skeletons and mummies 
which he examined, the earliest being from the 
predynastic period (i.e. before 4500 B.c). In one 
specimen of the III Dynasty (2980-2900 B.c.) the 
spinal column had been converted into a rigid 
block. Several bodies were examined from the 
tombs of the soldiers of Alexander the Great and 
Ptolemy I (332-330 B.c.) at Chatby near Alexan- 
dria. Forty bodies had been buried in rock-hewn 
graves, closed with a stone slab and hermetically 
sealed with mortar. Many of them showed anky- 
losing spondylitis, but as they were not lying 
together and the bones had become separated, only 
an estimate of this number is possible. It seems 
to have been almost a quarter of them. From a 
later period still, in two tombs of the Roman 
Period of Egyptian Civilization (A.p. 200) four 


Section of the History of Medicine 417 


out of eight skeletons showed marked lesions of 
arthritis deformans. One of these Ruffer (1921) 
describes as being very like and just as severe as a 
III Dynasty specimen of 3,000 years earlier. 

In some of the bodies, notably those of Coptic 
times (A.D. 400-500), the process of mummifica- 
tion had still preserved the lungs. They were black 
and shrunken, about six inches long and half an 
inch in thickness. Often they were held to the back 
or side of the chest wall by pleural adhesions. The 
bronchi were recognizable under a microscope and 
the alveolar structure, about one-fifth of normal 
size, could be made out. Ruffer described them as 
‘of Lilliputian appearance’. 

The disease was even more prevalent in the 
Lower Nile. Indeed Dawson (1929) remarks that 
it was so extremely common in Egypt and Nubia 
that it was rare in earlier times to find any adult 
skeleton that did not reveal its effects. The 
papyrus records say that the ‘stiffness’ was seated 
in the limbs, joints, spine and pelvis. 

Elliot Smith & Wood-Jones (1910) were so 
impressed by the frequency with which the disease 
had occurred in that area that they thought it 
must be related to conditions of life in the lower 
Nile. ‘The causal factor of the disease is essentially 
one of environment and not of race; it is the con- 
ditions of life in the Nile Valley. . . . At all periods 
the Nile itself was the chief factor in their lives. It 
gave them all their livelihood and supplied their 
wants and it probably gave them, as it does now, 
the bulk of their disease.’ It is not easy, however, 
to accept this theory. The disease occurred com- 
monly in both Alexandria and in the upper Nile, 
that is, in two completely different climates — one 
moist and temperate, the other dry and hot by 
day and cold at night. It seems unlikely that wet 
and cold can have played much part when the 
disease can be found so readily in specimens from 
both man and animals at Thebes where it rains 
barely once a year. After examining all the 
Egyptian and Peruvian mummies in the Field 
Museum, Chicago, Moodie (1923) wrote ‘so far 
as habitat is concerned, strongly developed 
lesions are known in man and animals from the 
hot dry desert of Nubia, from the caves of Europe 
and from the lagoons of Cuba, and this distribu- 
tion would seem to rule out the climatic factor’. 

The more one reads about ‘ankylosing spondy- 
litis’ in Ancient Egyptians the more difficult it 
becomes to be sure what the various writers 
meant by the term and how frequently the disease 
did, in fact, occur. I thought it worth while,there- 
fore, to try to form a first-hand opinion by 
examining the available human remains in the 
Egyptology Department of the British Museum. 

Some of these, described simply as sun-burials, 
consist of bodies buried in the hot dry sand and 
hence desiccated but otherwise excellently pre- 
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served. Others consist of unwrapped mummies, 
rather damaged by water; but in neither group 
was there any outward evidence of deformity or 
fixity. Most of the specimens are mummies about 
which little is known except their site and prob- 
able date of burial. None of these had ever been 
X-rayed and although an examination of all the 
mummies would have been most interesting it was 
too extensive an undertaking. However, with the 
help of Dr George Simon and by the use of his 
portable X-ray apparatus it was possible quite 
successfully to examine the spine and pelvis of 
eight of these mummies. 

The later mummies, those from the Roman 
period, are of unknown persons whose ages and 
occupations are unknown, but the earlier ones 
include a young Priestess from Thebes (No 8) and 
an Official from the Palace of one of the Pharaohs. 
Care had evidently been taken to preserve the 
contours of the bodies and some had been 
decorated with ornaments and a ‘criss-cross’ 
arrangement of glazed beads attached to the 
exterior of the wrappings. Through these wrap- 
pings the spine and pelvis of eight were radio- 
graphed. In all of them the sacro-iliac joints were 
well seen and no evidence of ankylosing spondy- 
litis was found. There was slight osteoarthritic 
‘lipping’ of the thoracic or lumbar vertebre in 
four. In one the spinal appearances were most 
unusual and were suggestive of alkaptonuric 
arthritis. Indeed, Dent (1958) considers the radio- 
graph to be pathognomonic. The illustrations 
show that such a method of examining the skele- 
tons of mummies is quite satisfactory and may 
provide useful evidence of their condition without 
destroying their preserved state. That no evidence 
of ankylosing spondylitis was found may be a 
matter of chance. I think it is more likely, how- 
ever, that by ‘spondylitis deformans’ osteo- 
arthritis was really meant and not ankylosing 
spondylitis (in its modern usage). 

The following notes were made on the mummies 
X-rayed in the British Museum: 


No 1 Mummy of an unnamed person. Care had been 
taken when wrapping the body to preserve its contours. 
Gilded finger and toe nails were represented and brown 
leather straps imitating a belt, amulets and anklets 
have been affixed. A metal plate had probably been 
placed over the pubic region before wrapping. 

From Roman Period after 30 B.c. 

Discovered at Thebes (Egypt). 

Radiograph of spine and pelvis: The left sacro-iliac 
joint could just be made out suggesting that anky- 
losing spondylitis was not present. 


No 2 Mummy of an unnamed person. Said to be a 
female. Decoration rather crude. From Roman Period 
after 30 B.c. 

Radiograph of spine and pelvis (Fig 1): No anky- 
losing spondylitis but condensation of shadows round 
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intervertebral discs, femoral heads, acetabula strongly 
suggests alkaptonuric arthritis. The femoral epiphyses 
are not yet fused and suggest that the person was about 
16 years old, probably a female. 


No 3 Mummy of an unnamed person. A wire frame 
containing gilded gods and amulets was placed on the 
breast. From Roman Period after 30 B.c. 

Radiograph of spine and pelvis (Fig 2): The sacro-iliac 
joints are well seen. Slight spinal osteoarthritic ‘lipping’ 
is present, but there is no evidence of ankylosing 
spondylitis. 


No 4 Mummy of an unnamed person. From Roman 
Period after 30 B.c. 

Radiograph of spine and pelvis: No ankylosing spondy- 
litis or osteoarthritis seen. 


No 5 Mummy of Ta-Kheb-Khanem from XXVI 
Dynasty (about 600 B.c.). 

Radiograph of spine and pelvis (Fig 3): No ankylosing 
spondylitis. No osteoarthritis. Sacro-iliac joints very 
well seen. The mummy had glass beads sewn over the 
outside wrappings. 


No 6 Mummy of Ata-neb. XXVI Dynasty (about 
600 B.c.). 

Radiograph of spine and pelvis (Fig 4): No ankylosing 
spondylitis or osteoarthritis seen. 


No 7 Mummy of Amen-ary-art, an official in the 
Palace of Queen Amenardas the sister and wife of 
Pharo Pi-anklin. XXV Dynasty (about 700 B.c.). 
Radiograph of spine and pelvis (Fig 5): No ankylosing 
spondylitis; sacro-iliac joints well seen. Some osteo- 
arthritic ‘lipping’ of vertebrz is present and in the past 
this would probably have been referred to as spondy- 
litis deformans. 


No 8 Mummy of an unnamed Priestess. XXI Dynasty 
(about 1050 B.c.) from Thebes. 

Radiograph of spine (Fig 6): Slight osteoarthritis of 
spine is present. 


These notes on the history of spinal arthritis 
were made during an enquiry into the state of the 
lungs in ankylosing spondylitis (Zorab 1959). 
Whilst investigating this problem it seemed worth 
considering the length of survival in their natural 
surroundings of the men and animals whose 
remains have just been discussed. Most of the 
skeletons suggest that death did not occur until 
full adult life or middle age. Ankylosing spondy- 
litis commonly appears in early adult life and 
osteoarthritic ‘lipping’ of the vertebra somewhat 
later. Both conditions as we know them, even 
when associated with restriction of thoracic move- 
ment by costovertebral joint degeneration, are 
compatible with life for many years and probably 
were so in the past. This argues that respiratory 
function must have been moderately good. The 
presence of the conditions amongst warriors, such 
as the soldiers of Alexander the Great and the 
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Fig 5 Mummy of Amen-ary-art XXV Dynasty (700 B.c.) 


Vikings, amongst the inhabitants of an agrarian 
land such as Lower Nubia whose livelihood was 
usually wrought from the soil by hard physical 
toil, and its presence amongst animals suggest 
that, whatever the physical discomforts may have 
been, severe shortness of breath could hardly have 
been a prominent feature. It is reasonable to con- 
clude, therefore, that even in the days before 
modern medicine, indeed, before man himself 
existed, spinal ankylosis and restriction of 
thoracic movement did not severely damage the 
lungs and that backache may have been just as 
common a hundred million years ago as it is now. 
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Single Large Motor Unit 
Action-potentials in Myopathies 


by E D R Campbell mrcp (London) 


The characteristic electromyographic finding in 
myopathy is the disintegrated motor unit pattern 
(Fig 1). This consists of an excessive number of 
motor unit potentials with diminished duration 
and amplitude, with an increase of polyphasic 
forms (Kugelberg 1949). A further characteristic 
of a myopathy is the retention of a full inter- 
ference pattern of the motor unit potentials on 
full volition except in the most severe cases. These 
changes indicate dysfunction of a significant pro- 
portion of the muscle-fibre complement in each 
motor unit. This dysfunction may occur as a result 
of primary muscle-fibre degeneration (muscular 
dystrophy and polymyositis), or in those con- 
ditions in which there appears to be interference 
with the normal excitability of either the motor 
end-plate or muscle fibre, as in familial periodic 
paralysis, myasthenia gravis and bretylium therapy 
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in susceptible individuals (Campbell & Mon- 
tuschi 1960). 

This disintegrated pattern characteristic of the 
myopathies is in sharp contrast with that found in 
lesions of the lower motor neurons, where the 
action potentials are normal or greater than nor- 
mal and the interference pattern on full volition is 
markedly reduced because of the total inactivity 
of the denervated motor units. 

This paper describes 6 patients, all of whom un- 
doubtedly had either muscular dystrophy or poly- 
myositis and yet whose predominant electromyo- 
graphic patterns showed single large units suggest- 
ing a diagnosis of a neuropathic lesion. In each 
case, there was clinical and histological evidence 
for the diagnosis of myopathy. 


Technique and Results 

The electromyograms were recorded on equip- 
ment of conventional design, using concentric 
needle electrodes. The muscles tested were always 
ones affected clinically and in most cases (Cases 
1, 3, 4 and 5) were those from which a biopsy 
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Fig 1 A, typical disintegrated motor unit pattern. B, Case 1 (right vastus medialis). 
Cc, Case 2 (right tibialis anterior). Time scale: 5 m sec depressions 
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Table | 
Clinical and histological findings 





Duration of 
symptoms 
Case Age Sex Diagnosis (years) 
i LW 62 F Polymyositis 24 


Biopsy findings 
1939-Quadriceps: 
focal necrosis 
1949-Massive 
fibrosis 
Quadriceps: focal 
necrosis. Much 
fibrosis involving 
intramuscular 
nerve fibres 
Quadriceps & 
gastrocnemius: 
focal necrosis, no 
regeneration. 
Fibro-adipose 
tissue + + 

Biceps and ham- 
strings: necrosis 
and regeneration. 
Diffuse fibrosis + + 


SWC 4 M Polymyositis 8 


Polymyositis 40 


4AO IS M Polymyositis 8 


5 MR 1S M Muscular 12 Tibialis anterior 
dystrophy and quadriceps: 
patchy degenera- 
tion. Fibrosis + + 
6 GW 5 M Muscular a Vastus medialis: 
dystrophy fibres of mixed 


size, great increase 
in peri- & inter- 
fascicular fat and 
fibrous tissue 





was taken. A noticeable feature of all patients was 
the degree of fibrosis in the muscles, shown by 
resistance to the searching needle electrode and 
confirmed in the histological reports. The age, sex 
and diagnosis of the patient, with duration of 
symptoms and a brief histological report, are set 
out in Table 1. 


The electromyographic patterns from Cases 1 
and 2 are shown in Fig 1 and from Case 3 in Fig 2: 
the reports on the remaining cases are given below. 
In every case in the series the pattern recorded 
was on maximal volitional effort. 
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Case 4 Right tibialis anterior and right biceps: No 
fibrillation at rest, discrete high-voltage polyphasic 
potentials of long duration (2-3 mV, 10-15 msec). 
Case 5 Right tibialis anterior: No fibrillation at rest, 
single large units of normal configuration (2 mV). 


Case 6 Left tibialis anterior: No fibrillation at rest, 
single large units of normal configuration (2-3 mV). 


The adults in this series were re-examined and 
after an extensive search a typical myopathic 
pattern was eventually found in other muscles, as 
shown in Fig 2. Nevertheless, it must be stressed 
that these muscles were not among those most 
obviously weak and wasted. 


Discussion 

These findings of residual single large motor unit 
potentials have been alluded to briefly by Heath- 
field & Williams (1960) and our Cases 1, 2 and 4 
refer to Cases 19, 21 and 4 of their series. Pinelli & 
Buchthal (1953) studied the variation in amplitude 
and duration of action-potentials in dystrophic 
muscle and found that one group of 5 patients 
with a high familial incidence of dystrophy had 
potentials of normal or increased duration and 
increased amplitude. The increase of duration was 
slight (a peak distribution at 6 msec compared 
with a normal of 4 msec), but they found ampli- 
tude increased to + 130% of normal though the 
largest potential illustrated is only 800 upV. The 
same authors in another paper (Buchthal & 
Pinelli 1953) made similar measurements in 
patients with polymyositis and found a universal 
decrease in duration with little change in ampli- 
tude. The discussion in both papers is confined to 
possible mechanisms of shortening and diminu- 
tion of action-potentials. 

In this series two factors were constantly 
present in each patient: firstly, the disease was of 
long standing when the electromyogram was per- 
formed, and secondly each biopsy report showed 
evidence of considerable fibrosis (Fig 3). Thus in 





Fig 2 Case 3: A, from right rectus femoris. B, from erector spine 
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Fig 3 Case 5. Post-mortem preparation from tibialis 
anterior showing variation in muscle fibre size and pro- 
liferation of fibrous tissue. * 50 


One patient (Case 2) intramuscular nerve fibres 
could be seen enmeshed in fibrous tissue, this 
apparently causing superadded neurogenic mus- 
cular atrophy. The presence of discrete motor unit 
action-potentials on full volition suggests that the 
great majority of the motor units in the muscle 
have degenerated leaving a few, relatively intact 
units. Why these should have been spared by the 
myopathic process is difficult to explain but this 
seems possible as normal outlines were seen in 
Cases 1, 2, 5 and 6, though in Cases 3 and 4 the 
potentials were highly polyphasic. The large am- 
plitude of the action-potentials may be due to an 
electrical artifact, the amount of fibrosis de- 
creasing the conductivity around the remaining 
motor units and thus increasing both amplitude 
and duration. It is known that fibrous tissue loses 
water as it ages and this again helps to explain 
why these findings occur in long-standing cases. 
The possible sequence of events therefore may be 
summarized as follows: progressive destruction of 
muscle-fibres with replacement by fibrous tissue; 
fibrous tissue enmeshing motor nerve fibres thus 
completing the destruction of motor units; sur- 
viving motor units now in low volume-conductor 
giving large amplitude action-potentials. 

These findings can thus cause a serious error in 
diagnosis. This error can probably be avoided by 
investigation early in the course of the disease and 
by searching a wide range of muscles, for the find- 
ing of a full interference pattern of disintegrated 
potentials (Fig 2) excludes a neuropathic lesion. 
An important source of error will remain in 
children where a restricted search must necessarily 
be made. 
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Sulphinpyrazone in the Treatment of 
Arthritis associated with 
Hyperuricemia 

by E N Glick mrcp pphysmed (London) 


Chronic arthritis is a late manifestation of gout 
and is usually accompanied by tophaceous de- 
posits. This stage is usually preceded by several 
years during which there are a number of acute 
episodes, but between these episodes there is free- 
dom from joint symptoms. However, hyperurice- 
mia is persistent. 

In addition to those who follow this classical 
pattern, one frequently sees patients suffering from 
chronic joint symptoms, with or without objective 
changes, who have hyperuricemia but who do not 
give a history of episodes of acute arthritis. 

The aim of this study was to investigate whether 
the raised serum uric acid, taken as an indication 
of raised ‘total body urate pool’, had any re- 
lationship to the joint symptoms. 

Previous investigations of sulphinpyrazone by 
Yii et al. (1958), Ogryzlo & Harrison (1957) and 
Kersley et al. (1958) have shown that it is a 
powerful, non-toxic and only feebly analgesic uri- 
cosuric agent, so that if patients in an otherwise 
steady state were given the drug, it would be seen 
whether the lowering of body urate content re- 
duced joint changes. 

Sulphinpyrazone (Anturan G.28315), a deri- 
vative of phenylbutazone, is the most powerful 
uricosuric agent available for general usage. A 
daily dose of 0-5 g is approximately as effective as 
1 g of phenylbutazone, 3 g of probenecid or 6 g of 
aspirin (Ogryzlo & Harrison 1957). It is rapidly 
and virtually completely absorbed from the in- 
testine and is rapidly metabolized with a half-life 
of three hours (Burns ef a/. 1957). Optimal ad- 
ministration is therefore six-hourly; 100 mg q.d.s. 
has been shown to be adequate in most cases 
(Yui et al. 1958). 
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Criteria for admission of patients to the trial 
were: (1) Chronic joint symptoms inadequately 
relieved by routine analgesics and physiotherapy. 
(2) Serum uric acid repeatedly raised above 6:0 
mg/100 ml in a male or 5-5 mg/100 ml in a female. 
(3) Absence of evidence of blood, renal, parathy- 
roid or cardiac disease. 

A controlled trial was intended, but was not 
found to be possible. Patients were all observed 
for a period before therapy was started and then 
seen monthly. 

Treatment 

Sulphinpyrazone 100 mg gq.d.s. was given for 
periods of four to twelve months. No physio- 
therapy was given and the patients were told to 
avoid aspirin or similar preparations as these inter- 
fere with the uricosuric action of sulphinpyrazone 
(Kersley et al. 1958). A supply of paracetamol 
tablets was given for casual pain relief and phenyl- 
butazone for any marked joint symptoms. Para- 
cetamol has no uricosuric action itself (Batterman 
& Grossman 1955) and does not interfere with the 
ac.ion of sulphinpyrazone (Seegmiller & Grayzel 
1960). 


Monthly assessment 

(a) Joint symptoms: The extent of subjective joint 
involvement was recorded by the ‘Distribution 
Index’ suggested by Lansbury & Haut (1956). 
(b) Objective joint change: All joints were examined 
for swelling, stiffness, limitation of and pain on 
movement. The circumferences of knee (tape- 
measure) and finger (jewellers’ rings) joints were 
recorded. Grip strength was measured on an in- 
flatable balloon. A second, objective, ‘Distribu- 
tion Index’ was estimated. 

(c) Blood and urine: Hemoglobin, platelet count, 
total and differential white cell count, sedimen- 
tation rate, blood urea and serum uric acid were 
estimated. Urine was examined for protein and 
microscopically. 


Cases (Table 1) 
Ten patients started the trial and 9 continued 
treatment. Two had residual symptoms after acute 


Table 1 
Details of Patients 





16 


gouty arthritis but no evidence of tophi. Two 
satisfied the American Rheumatism Association 
criteria for ‘definite’ rheumatoid arthritis and had 
positive Rose tests. One had gross degenerative 
arthritis of her knees and the other 5 had indeter- 
minate joint changes with normal X-rays and 
blood sedimentation rates, negative Rose tests, 
hyperuricemia, but no history of acute arthritis 
and no tophi. Two of these 5 had positive family 
histories of gout. Only 2 were females and their 
ages were 69 and 72. 


Results 

The serum uric acid was lowered to normal limits 
in all cases (Table 2). The average fall was to 61% 
of the previous values with a variation of 40-84%. 
The average figure before treatment was 6-7 
mg % and during treatment 4-2 mg %. 

In no case did the blood urea rise. In 6 cases it 
remained stationary and in 3(R T, AH, & TE) it 
fell! 10 mg/100 ml. The blood sedimentation rate 
was not altered. 


Table 2 


Serum uric acid (average values) 





Serum uric 
acid during 
Average values of serum uric treatment as 

Duration of acid (mg/100ml) percentage 

treatment Before During After of previous 
Patient (months) treatment treatment treatment level 
A 8 8-7 5-4 7 62% 
BP 5} 68 47 70 70% 
FW 12 6-2 2-9 47@ 46% 
AS 6 69 5-8 7:2 84% 
WM a 6-4 39 _— 60% 
SE 4 6:3 2:5 6:1 40% 
LW 6} 6-2 48 6°5 ae 
TE 12 6°5 46 a 70% 
RT 4} 68 3-1 45@ 45% 
Mean 67 42 61% 





@ On phenylbutazone. 


Within a few weeks of starting uricosuric 
therapy, 2 patients, (WM &SE) experienced 
dramatic relief of joint symptoms. A similar re- 
sponse was found by Yii ef a/. (1958) in 3 of 8 cases 
with chronic joint pain and stiffness. It is of 
interest that one (S E) experienced an even more 
dramatic alleviation of migraine. 





Family 

Age history 
Patients Sex (years) Type of case of gout 
Js M 63 Recurrent gout - 
AH M 63 Protracted acute gout 
BP F 69 Pain and swelling of fingers 
FW M 59 Polyarthralgia 
AS F 72 Osteoarthritis of knees — 
WM M 37 Polyarthralgia + 
SE M 58 Polyarthralgia + 
LW M 54 Pain and swelling of knee -- 
TE M 49 Polyarthralgia _ 
RT M 53 Polyarthralgia - 


Serum E.S.R. 

Uric acid mm|lh Rose 
(mg/100ml) Westergren test 
8-7 2. ~ 
8-7 14 _ 
68 11 1/128 
6-2 9 1/64 
69 20 ~ 
6-4 6 .- 
6:3 6 - 
6-2 2 _ 
6°5 3 ~ 
68 4 _ 
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Six patients experienced gradual but definite 
improvement with one-third to total relief of 
symptoms (Table 4). The patient with gross 
osteo-arthritic knees (A S) derived no benefit. 

The two best results were in cases with very 
good lowering of the serum uric acid level and 
the failure was in the case showing least urate 
response. 

The patients receiving most benefit were the 2 
with a family history of gout and they both had 
previously derived partial benefit from colchicine. 

No uniform system of objective grading could 
be used because of the diverse nature of the 
patients’ signs and symptoms (Tables 3 & 4). 








Table 3 
Distribution indices (°) 

Subjective Objective 
Patient Before After Before After 
AH 1:2 0 0 0 
BP 25 0 8 2 
FW 20 20 12 0 
AS 22 22 44 38 
WM 40 0 0 0 
SE 10 0 10 0 
LW 15 10 10 10 
TE 40 25 16 16 
RT 14 4 12 0 
Mean 21 9 12-5 75 
Table 4 


Objective assessment 





Joint circumferences 
Grip strength Proximal interphalangeal 


Patient (inmm Hg) 


Knee (in.) joints (ring size) 
Before After Before After Before After 

AH 

BP 250 300 62 61 

FW 290 300+ 15% 153 

AS 16+ iS 

WM 300+ 300+ 134 134 

SE 162:'5 230 14} 144 

LW 15} 15% 


TE 250 300 


RT 300+ 300+ 60:5 





(1) Grip strength: Of 6 cases with hand involve- 
ment, definite improvement occurred in 4. There 
was no change in 2. 
(2) Joint circumferences: Five patients had knee 
involvement. In 3 the series of monthly measure- 
ments showed a consistent trend with reductions 
of 4, 2 and 2 in. in the average figures during 
treatment. No change was observed in 2 cases. 
Two patients had enlarged interphalangeal 
joints. The series of measurements with jewellers’ 
rings, showed a small but consistent reduction 
in size. 
(3) Recordings of the number of joints considered 
abnormal at examination were usually inconsis- 
tent although they did show significant improve- 
ment in 4 cases. Function tests involving walking 
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and manual dexterity were not helpful as 9 of the 
10 patients were fully active. 


Follow-up 

Seven cases were followed up for periods of 
four to fourteen months after finishing treatment. 
The serum uric acid rose again in all 7 (Table 2). 
During the follow-up, 3 (B P, AH & L W) main- 
tained their improvement. Two (S E & F W) ex- 
perienced a slight return of symptoms. One (R T) 
remained symptom free for four months and then 
had a mild relapse. After a year he had a more 
severe relapse of symptoms despite taking phenyl- 
butazone, and sulphinpyrazone has been restarted. 
A S remained unchanged. 


Side-effects 

One patient (J S) developed severe diarrhoea on 
two separate occasions when he started taking 
sulphinpyrazone and so had to be withdrawn 
from the trial. One patient experienced mild 
dyspepsia after he had been on sulphinpyrazone 
for four months. The drug was stopped for ten 
days and then restarted. The dyspepsia gradually 
cleared. 

One patient (RT) complained of impotence 
starting during therapy but continuing a year 
after stopping the drug. He was very anxious and 
psychogenic factors were probably responsible. 
No other side-effects were found. 


In the largest reported series of cases (44 
patients), treated by sulphinpyrazone (Yii et.al. 
1958), 5 developed dyspepsia soon after starting, 
and 2 had to stop treatment. Eight patients ex- 
perienced renal colic. Urate crystals were seen 
once without symptoms. They also reported that 
1 patient developed leucopznia. # 

Since sulphinpyrazone is a derivative of phenyl- 
butazone, evidence of bone-marrow depression 
was carefully sought in our study. In 3 of the 
cases the white cell count fell slightly on start- 
ing sulphinpyrazone. In W M it fell from 6,000 
to 4,000, but recovered to 8,000 the following 
month. In S E it fell from 8,000 to 7,000 during 
four months’ treatment and subsequently fell to 
6,000 during the follow-up period. In the third 
patient AS the count dropped from 8,000 to 
5,000 during the first month of therapy and grad- 
ually rose to 6,000 during the following year. 

No effect on platelets was observed, but in four 
cases a 10% drop in hemoglobin was found 
during treatment with recovery afterwards. No 
blood changes have been reported in any other 
series. 

The most commonly reported harmful effect of 
treatment with sulphinpyrazone is precipitation 
of acute attacks of gout. This occurred in 5 of the 
44 cases of Yii ef a/. (1958) and 9 of the 13 cases of 








426 Proceedings of the Royal Society of Medicine 


Kersley er a/. (1958) despite the simultaneous ad- 
ministration of colchicine. Roden (1960) found 
this complication in 2 of 5 patients treated. (No 
similar episode occurred in our series; only the 
first 2 patients were given colchicine.) No other 
side-effects were recorded in the above three series, 
the 11 patients treated by Ogryzlo & Harrison 
(1957), or the 17 patients of Smyth et al. (1960). 
Skin rashes have apparently occurred in patients 
treated by sulphinpyrazone, but not in the 105 
patients reviewed here. 

Our series therefore confirms the low incidence 
of side-effects-with sulphinpyrazone; even lower 
than the 5% gastric and 8% renal complications 
with probenecid, but probably a higher tendency 
to precipitate acute attacks than the 10% incid- 
ence with probenecid reported by Gutman & Yii 
(1957) reviewing 169 cases. 


Discussion 
The pathogenesis of the acute episodes of gout is 
still not known but is probably quite different 
from the cause of the chronic joint symptoms 
in tophaceous gout. In the latter condition, it is 
probably the deposition of urates in and around 
the joints that leads to pain and stiffness. If two 
different mechanisms are involved, there should 
be cases who have had hyperuricemia for years 
and although they have escaped any acute gouty 
episodes, they have nevertheless an increased body 
urate content with diffuse deposits in or around 
some of their joints, even in the absence of 
macroscopic collections of urates, demonstrable 
as tophi. Such diffuse deposits of urates, therefore, 
could be the cause of joint changes in patients 
with chronic hyperuricemia without a history of 
acute gouty arthritis. If so, the obvious treatment 
would be uricosuric therapy. 

The fact that the patients in this series derived 
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benefit from a non-analgesic uricosuric agent 
suggests that their symptoms were due to urate 
deposits, which were mobilized and excreted as 
a result of treatment. 


Conclusion 

This study suggests that uricosuric therapy may 
be of value in cases other than chronic tophaceous 
gout and that further studies of the relationship 
between hyperuricemia and joint changes should 
be performed. It confirms that sulphinpyrazone 
is an effective and safe uricosuric agent. 
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The following paper was also read and will be 
published in the Lancet: 


Blood Cortisol Levels Following Intra-articular 


Steroid Injections 
by DrI A Williams (Penarth) 
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Cancer. Progress Volume. 1960 

edited by Ronald W Raven OBE TD FRCS 

pp xv-+242+-16 illustrated 60s 

London, Butterworth & Co (Publishers) Ltd 1960 
With this volume, cancer joins other medical 
subjects in having what will presumably be annual 
progress volumes with the object of bringing 
buyers of the original main volume up to date. 
Examples of some of the subjects discussed in this 
volume are tumour virology, bone-marrow re- 
placement, circulating cancer cells in the blood 
stream, tobacco smoking as a cause of cancer, 
regional perfusion with chemotherapeutic agents, 
and the oxygen effect in radiotherapy. Most of the 
articles are written primarily for the non-expert 
reader, but some —- that on recent advances in 
tumour virology is an example —aim at bringing 
the bibliography of the subject up to date. This 
latter approach is confusing for the non-expert 
reader who needs a guide through what the 
writer of a subsequent article calls a ‘torrent of 
literature’; the expert can usually find his biblio- 
graphy elsewhere. The appearance of this volume 
also raises the question of the desirability of 
annual progress volumes. Regular annual volumes 
are administratively convenient for the publishers, 
but with the plethora of journals and the high 
cost of books one wonders whether the appear- 
ance of a progress volume should not be dic- 
tated by material rather than by time. These 
reflections notwithstanding, the present volume 
contains enough new and interesting matter to 
justify itself. 


Handbook of Abnormal Psychology : 

An Experimental Approach 

edited by H J Eysenck php 

ppxvi+816 illustrated £6 

London: Pitman Medical Publishing Co Ltd 1960 
This book is of importance to psychiatrists and 
psychologists alike, unaccustomed though many 
psychiatrists may be to the experimental approach, 
for here is a major attempt to provide a scientific 
basis for the study of abnormal behaviour and of 
psychiatry. From the point of view presented by 
this book abnormality is not to be conceived in 
terms of classes of people suffering from mental 
diseases produced by definite ‘causes’ but rather 
in terms of the defective functioning of certain 
psychological systems, the delineation of which is 
the task of experimental psychology. Wherever 
possible the usual paradigm of psychiatric re- 
search . . . x members of class y showed behaviour 
z... is supplanted by the superior paradigm: 
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change in the independent variable x effects a 
change y in function z. The adoption of this view- 
point has meant that less than one-fifth of the 
published papers and books examined have been 
included in this comprehensive review of ab- 
normal psychology; for example, all the extensive 
literature on the Rorschach test is omitted. 

With the exception of Dr E Slater who, with 
Mr J Shields, contributes the chapter on Heredity, 
and Dr L Rees who writes on Constitutional 
Factors, all the contributors are, or have been, 
members of the Psychology Department at the 
Institute of Psychiatry. 

The book falls into three sections, dealing 
with the description and measurement; the 
causes and determinants; and the experimental 
study and modification of abnormal behaviour. 
Some of it will make difficult reading for those 
who are unfamiliar with the mathematical ideas 
and notation involved. The double column format 
is an advantage and there are comprehensive 
author and subject indices. 


Surgery of the Acute Abdomen 

by John A Shepherd vrp MD ChM FRCSEd FRCS QHS 
ppx+1228 illustrated £5 

Edinburgh & London: E & S Livingstone Ltd 1960 
It is a surprising fact that very few textbooks have 
been written on acute abdominal emergencies; 
surprising because it is here that the responsibility 
of the patient’s management is often in the hands 
of a relatively inexperienced surgeon. The appear- 
ance of a modern book on this subject is therefore 
welcome. In Mr Shepherd’s book everyday emer- 
gencies are considered in a practical manner and 
with helpful advice on the difficult problems one 
encounters with these cases — the late appendicitis, 
for example. However, it is in the acute abdomen 
above all other fields that the surgeon must be 
prepared to come across the unusual; here that 
prior knowledge of a rare condition and its 
management may well be life-saving. The author 
has performed a great service in gathering to- 
gether both from his own experience and from a 
voluminous and up-to-date surgical literature an 
encyclopedic and fascinating account of the less 
common emergencies and their treatment. 

We in this country can be proud that the two 
most popular and important books on abdominal 
emergencies, those of Zachary Cope and Hamilton 
Bailey, emanate from these Islands. To these it is 
now a pleasure to add a third which will, without 
doubt, take its place alongside the others as essen- 
tial reading for the emergency surgeon. 
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Leukemia Cutis 

by Samuel M Bluefarb Bs Mp FACP 

American Lecture Series No 354 

pp xxvi+489 illustrated £7 8s 

Springfield, Ill.: Charles C Thomas 

Oxford: Blackwell Scientific Publications Ltd 1960 
This book is the third in a series describing the 
cutaneous manifestations of the reticulo-endothe- 
lial diseases. It divides leukemia into four types, 
acute, lymphocytic, granulocytic and monocytic, 
and also includes multiple myeloma and poly- 
cythemia vera. Each of these conditions is given 
a chapter to itself in which, after a brief note on 
the history and etiology, every specific cutaneous 
accompaniment which has ever been described is 
meticulously recorded. This is done either by 
direct reference to the previous published cases, a 
fact which explains the need for 761 references, or 
a reproduction of the author’s own case reports. 
Both these methods unfortunately lead to a tire- 
some amount of repetition and make sustained 
reading difficult. The oral manifestations and non- 
specific cutaneous lesions are dealt with separately. 
Further chapters describe the pathology, diagno- 
sis and treatment. The text is copiously and on the 
whole satisfactorily illustrated and there is an 
excellent index. 

The book as a whole is a good example of a type 
of medical publication which is appearing with in- 
creasing frequency nowadays, in which critical 
selection is abandoned for total comprehensive- 
ness. Indeed, it might be argued that one of the 
less common manifestations of a rare disease 
hardly merits such exhaustive treatment. Never- 
theless, as a reference book on the subject it 
could hardly be bettered. 


Antisera, Toxoics, Vaccines and Tuberculins 

in Prophylaxis and Treatment 

by H J Parish Mp FRCPE DPH and 

D A Cannon OBE MB BSC DTIM&H 

Sthed ppviii+287 illustrated 37s 6d 
Edinburgh & London: E & S Livingstone Ltd 

(for The Wellcome Foundation Ltd) 1961 

In this 5th edition Dr Parish has as co-author his 
colleague Dr Cannon. Their book forms an 
admirable summary of immunological methods 
of prevention and treatment of disease. The direc- 
tions given in it are clear and practical, and it can 
be strongly recommended as a guide to those who, 
from time to time, have to use these methods. The 
number of effective vaccines available is slowly 
increasing and it is to be hoped that it will be 
possible to avoid multiple injections by the use of 
injections of combined prophylactics. Further 
advances in this direction would be welcomed by 
patients and doctors alike. 





Atlas of Exfoliative Cytology Supplement 2 

by George N Papanicolaou Mp Php 

16plates 44s 

Cambridge, Mass.: Harvard University Press 

(for the Commonwealth Fund) 

London: Oxford University Press 1960 

The techniques of cytological diagnosis are now 
widely used in clinical pathology, particularly as 
valuable aids in the early recognition of malignant 
neoplasms of the genito-urinary and respiratory 
tracts. The present supplement to the earlier Atlas 
contains sixteen new plates, each of which com- 
bines coloured photomicrographs of both sections 
and smears from the same tumour. It thus en- 
larges the quality and scope of the original work 
partly by replacing figures now deemed for some 
reason unsuitable but more notably by adding a 
number of fresh illustrations. The author’s pur- 
pose has been to effect a gradual shift from the 
general to more specific discriminatory criteria. 
One notable addition of much current interest is 
an account of methods for the recovery of malig- 
nant cells from the blood, and the appearances 
assumed by such cells as they are found in the 
circulation. 

This form of cytological diagnosis has not won 
universal approval, but those pathologists, and 
they are now many, who have benefited from Dr 
Papanicolaou’s earlier publications will be grate- 
ful for the present supplement. 


Management of Hypertensive Diseases 

by Joseph C Edwards AB MD FACP FACC 

pp 439 illustrated 112s 6d 

St Louis: The C V Mosby Company 

London: Henry Kimpton 1960 

This is an impressively documented monograph, 
listing 1,622 references, but it turns out to be a 
compilation rather than a critical digest. It is hard 
to find what the author himself really thinks, and 
in spite of literary erudition the quality of the 
argument may suddenly collapse: on page 73 he 
states: ‘The majority of hypertensive patients 
coming to autopsy have coronary artery sclerosis 
and fibrosis of the myocardium’: this is neither 
helpful nor accurate. Experience in the treatment 
of hypertension is described with illustrative cases. 
A special section on hypertension associated with 
pregnancy omits reference to the renal changes in 
eclampsia demonstrated by the Chicago workers. 
Special types of hypertension, such as those in 
Cushing’s syndrome, and pheochromocytoma, 
have chapters to themselves and there is a good 
account of hypertension secondary to renal 
disease. The pharmacology of the various anti- 
hypertensive drugs is up to date, and the final 
chapter on etiology is perhaps the most interest- 














ing in the book. Experimental and clinical investi- 
gations are welded together in this section in a 
manner which provokes interest. 

In spite of unevenness this monograph provides 
many useful references for the student of hyper- 
tension. It suffers from an attempt to be too com- 
prehensive by including such matters as details of 
electrocardiography and of pulmonary hyperten- 
sion which are barely relevant to the main argu- 
ment and which are dealt with rather superficially. 
Admittedly hypertensive disease ramifies into so 
many branches of medicine it is difficult to know 
where to draw the line. Had Dr Edwards omitted 
some of the less relevant sections of his book the 
chapters dealing strictly with arterial hypertension 
could have been improved and much of the 
obscurity in which he leaves some important 
topics might have been eliminated. 


Biosynthese und Stoffwechselwirkungen 

der Schilddriisenhormone 

by G Hillmann 

pp viii+-133 illustrated DM 26.50 

Stuttgart: George Thieme Verlag 1961 

The present work is one of the few books for 
clinicians and specialists on the biochemistry of 
thyroid hormones that have been published 
recently. It is a critical survey of the great progress 
in thyroid research in the last decade. 

It has been arranged in four sections which 
vary somewhat in quality and emphasis. The first 
section is. by far the longest and describes the bio- 
synthesis and metabolism of iodinated amino 
acids, and also includes chapters dealing with 
ontogenetic and phylogenetic observations on 
thyroid hormones and their metabolism in patho- 
logical conditions. The second section deals with 
the metabolic effect of thyroid hormones in vivo. 
It contains chapters on the influence of meta- 
morphosis and on protein, carbohydrate and 
lipid metabolism. Observations on thermoregula- 
tion, lactation and on hormonal regulation repre- 
sent the connexions with physiological research. 
Section three gives a résumé of in vitro experi- 
ments, and the final section discusses briefly 
chemical and biological methods used in thyroid 
research. 

There are valuable schemes and tables, for 
example, metabolic pathways of iodinated amino 
acids, drug action on thyroid function, com- 
parison between chemical structure and bio- 
logical effect of halogenated amino-acid ana- 
logues, &c. 

This book is a well-written critical review of the 
diverse aspects of the subject. It contains a good 
bibliography and it will be valuable to physicians, 
physiologists and biochemists interested in 
thyroid metabolism. 
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Sedan’s Re-educative Treatment of 

Suppression Amblyopia 

an abridged English version 

by T Keith Lyle CBE MD MCh MRCP FRCS, 

Cynthia Douthwaite pso & Jill Wilkinson DBO 

pp xii+135 illustrated 25s 

Edinburgh & London: E & § Livingstone Ltd 1960 
This book contains visual exercises designed to 
make the patient concentrate on printed matter, 
or on arithmetical or pictorial problems by the 
detection of mistakes in the text or figures, or 
differences between two pictures. It also includes 
tracing exercises which help to improve visual 
orientation by the association of eye and hand 
movements. The re-educative value of proof- 
reading exercises lies in the fact that the amblyopic 
patient has to scrutinize every word and letter in 
order to detect mistakes. Reading sessions are 
carried out three to four times a day, and should 
not last longer than twenty to thirty minutes. The 
print is varied in size to correspond with the degree 
of amblyopia. The main use of the book is for 
home exercises, but explanation and detailed 
instructions are necessary in order that full benefit 
may be derived from its use. 


Biological Activities of Steroids in 


Relation to Cancer 
edited by Gregory Pincus and Erwin P Vollmer 
pp xvi-+530 illustrated 107s 6d ($15) 


New York & London: Academic Press 1960 

This book is the record of a conference sponsored 
by the National Cancer Institute of the National 
Institutes of Health, U.S.A., held in October 1959. 
It contains thirty-two papers on various aspects of 
steroid metabolism, steroid hormones and their 
relation to cancer. Clinicians may find it too 
biased towards endocrinology and steroid bio- 
chemistry but the papers dealing with cancer of 
the primary and secondary sexual tissues are 
numerous and good. Those interested purely in 
the physiology and biochemistry of steroid hor- 
mones will find that the sections dealing with 
these topics are alone a sufficient justification for 
getting hold of this book at the earliest oppor- 
tunity. The style and format are the same as are 
used for Recent Progress in Hormone Research 
and the production and indexing are, as usual, 
excellent; a fair amount of the discussion is re- 
corded and this has been better edited (or was 
kept more under control!) than usual. 

The book opens with a stimulating paper by 
Huggins on the interactions of hormones and 
methylcholanthrene in the production of mam- 
mary carcinomas in rats and continues with two 
very useful reviews by Fried and Drill of recent 
advances in synthetic steroid analogues, many of 
which have important actions on tumour growth. 
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Two papers in the second section are of outstand- 
ing fundamental interest; one by Jensen reporting 
for the first time in full his crucial experiments on 
the uptake of highly radioactive cestradiol by 
the uterus; the other by Vande Wiele and Lieber- 
man on the origin of urinary dehydroepiandro- 
sterone. The clinical sections include an interest- 
ing review of benign hyperplasia and carcinoma 
of the prostate by W W Scott, and a promising 
account of the treatment of metastasizing endo- 
metrial adenocarcinoma with progesterone. 

A short review cannot do justice to the wealth 
of new material included in this volume and the 
high standard of the vast majority of the papers. 
Both the contributors and the editors are to be 
congratulated on an extremely valuable addition 
to our knowledge of this field. They and the pub- 
lishers are also to be commended most warmly on 
producing a book of this size and quality within 
eleven months of the conference being held. 


Anesthetic Accidents. The Complications of 
General and Regional Anzsthesia 
by V Keating MB Bch DA FFA RCS 
2nded ppvii+288 illustrated 28s 
London: Lloyd-Luke (Medical Books) Ltd 1961 
Although this book provides much useful physio- 
logical and pharmacological information on the 
effects of anesthesia on the cardiovascular and 
respiratory systems, its most important contribu- 
tion is a description of the many pitfalls into which 
the unwary anesthetist can so easily step. The 
emphasis is always on prevention. The majority 
of the tragedies of anesthesia are due to human 
error, and the young anesthetist has the oppor- 
tunity here of learning how these can be avoided. 
It is difficult to make such an account complete 
and yet still retain a book of readable proportions. 
For this reason, presumably, there is no section on 
the complications of modern perfusion and hypo- 
thermic techniques, which are becoming the 
province of an increasingly large number of 
anzsthetists. 


Principles of General Neurophysiology 

Relating to Anesthesia and Surgery 

by Barry D Wyke MB Ms 

ppix+136 illustrated 21s 

London: Butterworth & Co (Publishers) Ltd 1960 
This little book is welcome. Originally one chap- 
ter in ‘General Anesthesia’, it is now printed 
separately. In 136 pages it contains a carefully 
selected review of neurophysiology up to 1958. 
After a short introduction in neurohistology with 
recent results of electron microscopy of cell and 
axon membranes, the present theory of neuro- 
conductivity and synaptic transmission is dis- 


cussed. A small chapter about the: pharmacology 
of the neurons points out how poor our know- 
ledge of the action of anesthetic drugs still is. 
However, the changes of electrical activity of the 
brain during anesthesia and hypothermia are of 
considerable interest to everyone concerned with 
modern methods of surgery. 

A long chapter is concerned with hemo- 
dynamics and overall brain metabolism. The 
importance of this part of physiology arises from 
the fact that about one-fifth of total body meta- 
bolism in adults take place in the central nervous 
system (in children the fraction is even higher). 

A rich bibliography at the end of each chapter 
completes this very well-written book. 


Progress in Endocrinology Part I 

Memoir No 9 

edited on behalf of the Society for Endocrinology 
by K Fotherby, J A Loraine, J A Strong & 

P Eckstein 

ppx+166 illustrated 45s 

Cambridge: The University Press 1960 

The Memoirs of the Society for Endocrinology 
set a high standard in their choice of material, 
careful editing, presentation of discussion matter 
and, not least, the general format. The present 
volume records the Proceedings of a Meeting in 
Edinburgh in August 1959 and has been meticu- 
lously prepared. There are some valuable papers 
here for those interested in the hypothalamus and 
in the thyroid gland. It is to be hoped that the 
Society for Endocrinology will continue to pro- 
duce these monographs, if possible publishing 
them a little more swiftly after the time of the 
conference which they represent. 


The Surgeon’s Glove 

by Justine Randers-Pehrson MA 

ppxi+95_ illustrated 36s 

Springfield, Ill.: Charles C Thomas 

Oxford: Blackwell Scientific Publications Ltd 1960 
This interesting historical account is as much a 
history of the controversy which raged between 
the uphoiders of antisepsis and asepsis as a treatise 
on the surgeon’s glove. It is written in a pleasant 
and readable style and is extremely well docu- 
mented. The book is worth having for its biblio- 
graphy alone. 

There is information about gloves being used 
two hundred years ago, which will surprise most 
surgeons. The authoress does not devote much 
attention to the big difference between the thick 
and thin rubber glove and the fact that many 
Continental clinics still have protagonists of the 
former even to-day. This monograph is a welcome 
addition to the medical historian’s library. 














The Chemistry of Thyroid Diseases 

by Rosalind Pitt-Rivers Msc PhD FRS 

and Jamshed R Tata msc 

American Lecture Series No 393 

pp xii+83 illustrated 36s 

Springfield, Ill.:: Charles C Thomas 

Oxford: Blackwell Scientific Publications Ltd 1960 
This little book of well under a hundred pages is 
one in the well-known American Lecture Series. 
The authors briefly review the present state of 
knowledge about the normal biochemistry of the 
thyroid gland and then go on to discuss those 
changes seen in hypo- and hyper-thyroidism. 
There follows an excellent chapter on Immuno- 
logical Aspects of Thyroid Disorders and finally a 
section on Cancer of the Thyroid. Naturally the 
authors spend most time talking about those sub- 
jects of particular interest to themselves. Thus the 
chemistry of thyroxine and triiodothyronine for- 
mation are very well done, as is also the signific- 
ance of compound X in thyroid cancer. A brief 
list of references is appended and the whole is 
beautifully printed and bound. The book is expen- 
sive at 36s, but represents an excellent compact 
revision course in thyroid diseases for those who 
have a biochemical leaning. 


Urology in General Practice 

by Ian Parton MB ChB BSc FRCS 

pp xi+293+-11 illustrated 45s 

London: Butterworth & Co (Publishers) Ltd 1960 
Mr Parton is modest in choosing a title which 
intends that the book should be read by general 
practitioners. There is a considerable amount of 
detail which is probably beyond the scope of most 
general practitioners, but it serves to expiain the 
principles underlying the choice of treatment, and 
to put the theory of urology into everyday prac- 
tice. Details of the after-care of patients and 
apparatus are fully described and will prove of 
great help to practitioners. It is refreshing to find 
that many of the old teachings, which have been 
copied from book to book are either corrected. 
explained away or omitted. It is thus an up-to- 
date book which is easy and enjoyable to read. 
There are always parts of any book about which 
one cannot completely agree: the section on un- 
descended testis is at variance with many authori- 
ties, but it in no way detracts from an excellent 
book. The diagrams are clear and simple and, 
unlike many, demonstrate exactly what is required. 
The photographs have been carefully selected and 
elucidate those points which are difficult to 
describe in the text. 

The publishers are to be congratulated on the 
lay-out and clarity of the printing, which makes 
the book attractive, pleasant to read and easy in 
reference. 
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Chemistry of Heart Failure 
by William C Holland mp and 
Richard L. Klein php 
American Lecture Series No 397 
pp xiii+-116 illustrated 44s 
Springfield, Ill.: Charles C Thomas 
Oxford: Blackwell Scientific Publications Lid 1960 
This is a description of the morphological, 
chemical and physico-chemical changes which 
occur in the failing heart, and not, as one might 
expect, an account of the biochemistry of clinical 
cardiac failure in the patient. After an introductory 
account of the historical development of our 
knowledge of muscle contraction, some funda- 
mental concepts of thermodynamics are given to 
prepare the reader for the subsequent discussion 
on the chemical processes which enable free 
energy to become available for the work of the 
heart. The medical reader will not find this easy 
reading, although an understanding of the subject 
is essential for the subsequent attempted correla- 
tion of the physics and chemistry of the muscle 
proteins with the electron microscopic appear- 
ances of the muscle fibre, and for the succeeding 
account of the relationship between electrolyte 
metabolism, cardiac contraction and bio-electric 
potentials in the normal and failing heart. Cardiac 
failure, the mechanism of which is critically dis- 
cussed, is classified as due to a known metabolic 
defect resulting in reduced mechanical efficiency 
or to an inability of the myocardial fibre to trans- 
fer metabolic free energy into mechanical work. 
The latter type occurs in hypertensive or valvular 
disease and responds to digitalis treatment. Trans- 
port across the cell membranes of sodium, potas- 
sium and especially calcium ions probably affects 
the cross-linkages betweeen the proteins of over- 
lapping fibres and may be important in the 
mechanism of production of cardiac failure. 
Although this book will not be easy for the 
clinician, careful reading will help his under- 
standing of a difficult subject. 


Clinical Neurology 

by Sir Russell Brain Bt DM FRCP 

pp viii+399 illustrated 38s 

London, etc: Oxford University Press 1960 
‘Clinical Neurology’ is intended as a practical 
guide to meet the needs of residents, registrars 
and physicians. It does not claim to be a compre- 
hensive textbook, as is the author’s ‘Diseases of 
the Nervous System’, but instead sets out to deal 
with the commoner diseases, touching more light- 
ly on those that are rarer. The book is divided into 
five parts. The first is devoted to disorders of func- 
tion and includes sections on coma and on 
epilepsy. It is particularly valuable to have a 
section on the investigation and management of 
the unconscious patient, for there has been con- 
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siderable improvement in the care of these 
patients in recent years. The section on epilepsy is 
clear and concise. The author states that if in a 
case of epilepsy clinical examination, electro- 
encephalography and plain X-rays of the skull 
provide no evidence of a focal lesion it is unlikely, 
at that stage, that further investigation will do so. 
He does not support the view that all patients 
with epilepsy of late onset require investigation 
with air encephalography or angiography. The 
section on treatment of status epilepticus, how- 
ever, is disappointing. The urgency of treatment 
is not mentioned, and the dose of drugs recom- 
mended is conservative. On the other hand, pro- 
cedures of such doubtful therapeutic value as 
withdrawal of cerebrospinal fluid and washing 
out the bowel with an enema are advised. 

Sections two, three, four and five deal respec- 
tively with localized disorders, with infection, 
with diffuse disorders and with psychological 
aspects of neurology. They are clearly and read- 
ably written. The illustrations are well repro- 
duced, and some of the clinical illustrations are 
of an outstanding quality. In a practical book of 
this type more clinical and fewer pathological 
illustrations would be welcome. 


Lipids and the Steroid Hormones in 

Clinical Medicine 

edited by F William Sunderman mp Php scp 

and F William Sunderman jr MD 

ppix+207 illustrated 85s 

Philadelphia & Montreal: J B Lippincott Company 
London: Pitman Medical Publishing Co Ltd 1960 
This book presents the fundamental chemistry, 
the biochemistry and clinical application of steroid 
hormones in clinical medicine. It is the record of a 
seminar held in Washington. The excellent 
accounts of the theoretical aspects of the topics 
will, however, benefit different readers from those 
likely to make full use of the details of the 
practical methods which tend to be personal 
accounts of the authors’ own _ preferences. 
Although the uses of some specialized instru- 
ments are discussed, gas chromatography for the 
separation of fatty acids is not mentioned, and 
this is now a technique of considerable import- 
ance. However, there is an especially good account 
of the correlation between electrophoresis and 
ultra-centrifugation of the lipoproteins of the 
blood plasma. The general accounts of the lipids, 
lipoproteins and steroids are good; the surveys of 
methods are mostly critical and often detailed. 
The Norymberski methods of steroid analysis are 
discussed briefly, but the absence of practical 
details for these invaluable techniques perhaps 
reflects differences in approach to the problem on 
the two sides of the Atlantic. It is a pity that 


Bartter, who summarizes the stimulation and 
suppression tests of adrenal cortical function, did 
not give a more precise definition of limits of 
normality in these valuable tests. 


Modern Treatment Yearbook 1961 

edited by Sir Cecil Wakeley Bt KBE CB 

27thed ppix+310 32plates 35s 

London: Bailliére, Tindall & Cox Ltd 

for The Medical Press 1961 

The publication of the 27th edition of this 
perennial must mean that there is a constant 
demand for this book. It is a fairly typical ‘year- 
book’ with all the advantages and disadvantages 
of such publications. Designed as they are to save 
the readers’ time by presenting them with recent 
advances and developments under one cover they 
consist of a series of articles written by a variety 
of authors. 

This ‘Modern Treatment Yearbook’ follows the 
usual pattern with 31 short articles on subjects 
ranging from injuries of the cervical spine and 
polycythemia to uveitis and catarrh. Written by 
31 different authors the material and writing is 
very uneven and the standards very variable. The 
general tone and standard which appear to be 
designed for general practitioners seem much more 
suitable for medical students in their early clinical 
years. 


Carcinoma of the Thyroid Gland 

by Stuart Lindsay Mp 

ppx+168 illustrated 68s 

Springfield, Ill.: Charles C Thomas 

Oxford: Blackwell Scientific Publications Ltd 1960 
This is a monograph on carcinoma of the thyroid 
gland written by a practising pathologist in San 
Francisco. The author has reviewed very carefully, 
both clinically and pathologically, 293 patients 
who have been treated for thyroid carcinoma and 
he has enumerated; in great detail, the spread, 
prognosis and histological appearances in these 
cases. There are interesting introductory chapters 
on the origin, etiology and incidence of thyroid 
carcinoma and the pathological studies show an 
extremely broad and intimate knowledge of this 
field of morbid anatomy. The author concludes 
that few thyroid carcinomas arise in previously 
benign thyroid nodules, but considers that the 
epithelial proliferation seen in Hashimoto’s dis- 
ease might be a significant premalignant factor. 
He prefers to consider all thyroid carcinomas as 
being papillary or follicular and the anaplastic 
ones as merely examples of de-differentiation of 
one or other of these. The references are carefully 
selected and the book is well produced and 
lavishly illustrated. At 68s it is expensive. 











